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ABSTRACT
The h e p a t o p a n c r e a t i c  t i s s u e  c o l l e c t e d  f rom  l i v e  c r a w ­
f i s h  ( P r o c a m b a r u s  c l a r k i i )  was s t u d i e d  f o r  i t s  l i p o l y t i c  and  
a n t i t h i a m i n e  a c t i v i t y .  The l i p o l y t i c  a c t i v i t y  and  i t s  e f f e c t  
on l i p i d  m a t e r i a l  d u r i n g  s u b s e q u e n t  c o l d  s t o r a g e  was i n v e s t i ­
g a t e d .  The c o m p o s i t i o n  o f  t h e  f r e e  f a t t y  a c i d  fo rm ed  d u r i n g  
t h e  s t o r a g e  v a r i e s  w i t h  l e n g t h  o f  b l a n c h i n g ,  l e n g t h  o f  s t o r ­
age  and  t h e  s t o r a g e  t e m p e r a t u r e .  A s h a r p  i n c r e a s e  i n  f r e e  
f a t t y  a c i d s  w ere  o b s e r v e d  f rom  t h e  t i s s u e  w h ic h  had  r e c e i v e d  
no h e a t  t r e a t m e n t .  B l a n c h i n g  t h e  t i s s u e  f o r  f i v e  m in u te s  
showed s m a l l e s t  i n c r e a s e  i n  f r e e  f a t t y  a c i d  d u r i n g  t h e  s t o r ­
a g e ,  h o w e v e r ,  t h e  h e a t  t r e a t m e n t  f a i l e d  t o  i n a c t i v a t e  th e  
l i p o l y t i c  a c t i v i t y  c o m p l e t e l y .  Among t h e  m ost  s u s c e p t i b l e  
f a t t y  a c i d  t o  t h e  l i p o l y t i c  a c t i v i t y  were  p a l m i t o l e i c ,  p a l ­
m i t i c ,  m y r i s t o l e i c ,  and  a r a c h i d o n i c  a c i d s .
I n v e s t i g a t i o n s  w ere  a l s o  c o n d u c t e d  t o  d e t e r m i n e  t h e  
t h e r m o s t a b i l i t y  as  w e l l  a s  t h e  d i s t r i b u t i o n  o f  t h e  a n t i t h i a ­
mine a c t i v i t y  a s s o c i a t e d  w i t h  c r a w f i s h .  A n t i t h i a m i n e  a c t i v ­
i t y  was fo u n d  to  be  r e s t r i c t e d  t o  t h e  c e p h a l o t h o r a x  r e g i o n  
o f  c r a w f i s h .  The f l e s h  m a t e r i a l  i n  t h i s  r e g i o n  was c a p a b l e  
o f  d e s t r o y i n g  3 . 7  ug o f  t h i a m i n e  h y d r o c h l o r i d e  p e r  m in u te  
p e r  gram o f  t i s s u e  on a d r y  b a s i s .  The h e p a t o p a n c r e a t i c  
t i s s u e  l o c a t e d  i n  t h i s  r e g i o n  c o n s t i t u t e d  87 p e r  c e n t  o f  t h e
i x
t o t a l  a c t i v i t y .  H e a t  t r e a t m e n t s  f a i l e d  t o  i n a c t i v a t e  t h e  
a c t i v i t y  c o m p l e t e l y .  T h u s ,  i t  a p p e a r s  t h a t  a t  l e a s t  two 
f a c t o r s  w ere  r e s p o n s i b l e  f o r  t h e  d e s t r u c t i o n  o f  t h e  t h i a ­
m in e ,  one  h e a t  l a b i l e  and t h e  o t h e r  h e a t  s t a b l e .
x
INTRODUCTION
The h e p a t o p a n c r e a t i c  t i s s u e s  f ro m  c r a w f i s h  h a s  b e e n  
r e c o g n i z e d  a s  " c r a w f i s h  f a t "  by  t h e  p e o p l e  o f  L o u i s i a n a  f o r  
o v e r  a c e n t u r y .  I t s  a d d i t i o n  t o  v a r i o u s  c r a w f i s h  d i s h e s  a r e  
b e l i e v e d  t o  c o n t r i b u t e  t o  t h e  c h a r a c t e r i s t i c  c r a w f i s h  f l a v o r .  
R e c e n t l y ,  i t s  r e a l  c o n t r i b u t i o n  f ro m  a f l a v o r  s t a n d p o i n t  h a s  
b e e n  q u e s t i o n e d .  Due to  t h e  p o p u l a r i t y  o f  c r a w f i s h  f a t  i n  
v a r i o u s  d i s h e s ,  p r o c e s s o r s  h a v e  c o n t i n u e d  t o  mix t h i s  m a t e r ­
i a l  w i t h  t h e  t a i l  m ea t  e s p e c i a l l y  f o r  t h e  f r e s h  m a r k e t .  As 
t h e  i n d u s t r y  c o n t i n u e s  t o  grow and e x p a n d  i n t o  t h e  f r o z e n  
fo o d  a r e a s ,  t h i s  p r a c t i c e  i s  q u e s t i o n a b l e  i n  l i g h t  o f  t h e  
f a c t  t h a t  a q u a t i c  f a t s  a r e  o f t e n  h i g h l y  u n s a t u r a t e d  and  t h e  
p r e s e n c e  o f  v a r i o u s  h y d r o l y t i c  enzymes a s  w e l l  a s  m e t a b o l i t e  
i n h i b i t o r s  a r e  o f t e n  p r e s e n t  i n  d i g e s t i v e  t i s s u e s  o f  a q u a t i c  
s p e c i e s .
C o n s e q u e n t l y ,  kn ow ledg e  c o n c e r n i n g  l i p o l y t i c  e nzym es ,
/
a n t i m e t a b o l i t e s  and  t h e i r  b e h a v i o r  u n d e r  v a r i o u s  p r o c e s s i n g  
and  s t o r a g e  c o n d i t i o n s  i s  o f  c o n s i d e r a b l e  i n t e r e s t  f rom a 
p r e s e r v a t i o n  a s p e c t ,  t h u s  t h e  p u r p o s e  o f  t h i s  i n v e s t i g a t i o n .
1
I .  LITERATURE REVIEW
L i f e  h i s t o r y  o f  c r a w f i s h
" C r a w f i s h "  i s  t h e  common name f o r  a l l  Cambarus s p e ­
c i e s  w h ic h  b e l o n g  t o  t h e  c l a s s  C r u s t a c e a e ,  Phylum A r t h r o p o d a ,  
one o f  t h e  l a r g e s t  s u b d i v i s i o n  i n  t h e  a n im a l  k in gd o m .  "Red 
c r a w f i s h , "  one  o f  t h e  m o s t  i m p o r t a n t  s p e c i e s  i n  L o u i s i a n a ,  
was d e s c r i b e d  a s  Cambarus c l a r k i i  by G i r a r d  ( 1 8 5 2 ) ,  l a t e r ,  
i t  was p l a c e d  i n  t h e  gen u s  P ro c a m b a ru s  by Hobbs (1942)  .
A c c o r d i n g  t o  Penn (1943)  and  V i o s c a  ( 1 9 5 3 ) ,  t h e  m a t ­
i n g  s e a s o n  f o r  t h e  r e d  c r a w f i s h  s t a r t s  i n  A p r i l  and  May. The 
m a t i n g  i s  a c c o m p l i s h e d  by t r a n s f e r r i n g  sperm  t o  a f e m a l e s ’ 
s e m i n a l  r e c e p t a c l e .  The f e m a le  c a r r i e s  t h e  sperm  i n  t h e  r e ­
c e p t a c l e  u n t i l  t h e  t im e  o f  egg  l a y i n g  w h ich  i s  u s u a l l y  f rom 
J u n e  t h r o u g h  S e p te m b e r  f o r  L o u i s i a n a  r e d  c r a w f i s h .  The i n c u ­
b a t i o n  p e r i o d  may l a s t  f rom  two t o  tw e n ty  weeks d e p e n d i n g  
on t h e  s e a s o n  o f  l a y i n g  a n d  t h e  a v e r a g e  w a t e r  t e m p e r a t u r e  
( C r o c k e r  a n d  B a r r ,  1 9 6 8 ) .  In  t h e  c a s e  o f  r e d  c r a w f i s h ,  t h e  
l a y i n g  t a k e s  a b o u t  two w e e k s .  t h e  new ly  h a t c h e d  c r a w f i s h  
u s u a l l y  r e m a i n  a t t a c h e d  t o  t h e  f e m a le  d u r i n g  t h e  e a r l y  s t a g e  
o f  i t s  l i f e  ( C r o c k e r  and  B a r r ,  1968 ;  P e n n ,  1 9 4 3 ) .  N o rm a l ly  
young  c r a w f i s h  w i l l  r e a c h  e d i b l e  s i z e  by December o r  F e b r u ­
a r y .  They r e a c h  m a t u r i t y  d u r i n g  t h e  months  o f  March and
2
and  A p r i l  when t h e  m a t i n g  s e a s o n  s t a r t s  a g a i n  ( V i o s c a ,
1 9 5 3 ) .
C r a w f i s h  a p p e a r  t o  b e  n e a r l y  o m n iv o r o u s .  The fo o d  
h a b i t s  o f  c r a w f i s h  s u g g e s t s  t h a t  t h e y  n o t  o n l y  f e e d  on l i v ­
i n g  a n i m a l s  an d  p l a n t s ,  t h e y  a l s o  consume q u a n t i t i e s  o f  
d e a d  p l a n t s ,  d e a d  a n i m a l s ,  and  d e t r i t u s  m a t e r i a l  ( C r o c k e r ,  
and  B a r r ,  1 9 6 8 ) .  T h e r e f o r e ,  c r a w f i s h  a r e  e c o l o g i c a l l y  impor  
t a n t  c o n v e r t e r s  o f  m a t e r i a l s  n o t  e a t e n  by  game f i s h ,  b i r d s ,  
o r  mammals, h o w e v e r ,  t h e y  a r e  e x t e n s i v e l y  f e d  upon by a l l  
t h r e e  o f  t h e s e  v e r t e b r a t e  c l a s s e s .
C r a w f i s h  a s  fo o d
Due t o  i t s  h i g h  p r o d u c t i v e  p o t e n t i a l  (P e n n ,  1943;  
L a n g l o i s ,  1 9 5 3 ) ,  c r a w f i s h  a r e  c o n s i d e r e d  a s  a  foo d  s o u r c e  
f o r  f i s h ,  b i r d s ,  mammals, a n d  e v e n  man.
C r a w f i s h  a r e  e a t e n  l e s s  b y  man t h a n  i n  t i m e s  p a s t .  
A c c o r d i n g  t o  Faxon (1885)  and  Andrews ( 1 9 0 6 ) ,  c r a w f i s h  were  
once  s o l d  i n  c i t y  m a r k e t s  o f  t h e  e a s t e r n  U n i t e d  S t a t e s  i n ­
c l u d i n g  New Y ork .  T u r n e r  (1926)  s t a t e d  t h a t  i n  1908 th e  
s t a t e  o f  W i s c o n s i n  a l s o  h a d  c r a w f i s h  i n  f o o d  m a r k e t s .  Today 
m o s t  o f  t h e  e a t i n g  o f  A m e r ic an  c r a w f i s h  by man o c c u r s  i n  th e  
s o u t h e r n  g u l f  s t a t e s ,  m o s t l y  i n  L o u i s i a n a .  LaCaze (1970) 
r e p o r t e d  t h a t  i n  few c a s e s  c r a w f i s h  have  b e en  h a r v e s t e d  i n  
t h e  s t a t e  o f  O r e g o n ,  m os t  o f  w h ic h  was s h i p p e d  t o  Los 
A n g e le s  a s  " s h o r t  l i b s t e r s . "  C r a w f i s h  a r e  a l s o  r e g a r d e d  as  
g o u rm e t  i t e m s  i n  many l a r g e  E u r o p e a n  c i t i e s .
L o v e l l  (1968)  s u g g e s t e d  t h a t  t h e r e  was a v e r y  good
4p o s s i b i l i t y  f o r  c r a w f i s h  p r o d u c t s  becom ing  a n a t i o n a l l y  
p o p u l a r  f o o d  l i k e  o t h e r  s h e l l f i s h  f rom  L o u i s i a n a .  He gave 
two r e a s o n s :
1) C r a w f i s h  c a n  be  p r o d u c e d  i n  a b u n dance  i n  t h e  
s o u t h e r n  L o u i s i a n a  e n v i r o n m e n t ,  p a r t i c u l a r l y  i n  t h e  f l a t  
a r e a s  o f  s o u t h w e s t e r n  L o u i s i a n a  w here  c o n t r o l l e d  f l o o d i n g  
c a n  be p r a c t i c e d .
2) The f l a v o r  o f  c r a w f i s h  i s  u n i q u e  and  i s  g e n e r ­
a l l y  r e g a r d e d  a s  p l e a s i n g  by m o s t  p e o p l e .
C om m erc ia l  h a r v e s t i n g  a nd  c u l t u r i n g
L o u i s i a n a  i s  t h e  o n l y  s t a t e  i n  N o r th  A m er ican  where  
t h e  c r a w f i s h  h a s  b e e n  a m a j o r  food c r o p  f o r  many y e a r s .  I t s  
c u l t i v a t i n g ,  h a r v e s t i n g ,  p r o c e s s i n g ,  and  m a r k e t i n g  a r e  o p e r ­
a t e d  on a c o m m e rc ia l  s c a l e .
The e a r l i e s t  d a t a  on a l a r g e  c o m m e rc ia l  c a t c h  o f  
c r a w f i s h  w e re  r e p o r t e d  by  Washburn (1953)  f o r  t h e  y e a r  o f  
1 9 0 8 ,  w h ich  was o n l y  8 8 ,0 0 0  p o u n d s .  S i n c e  t h e n ,  t h e  c a t c h  
h a s  i n c r e a s e d  t o  1 , 3 2 6 , 0 0 0  pou nd s  i n  1 96 0 .  The d a t a  on t h e  
c o m m e r c i a l  c a t c h  o f  c r a w f i s h  i n  L o u i s i a n a  a c c o r d i n g  t o  t h e  
B u re a u  o f  Com m erc ia l  F i s h e r i e s  R e p o r t  ( L o u i s i a n a  L an d in g  
1 9 6 0 -1 9 7 3 )  a r e  shown i n  T a b le  1 .
A c c o r d i n g  t o  L o v e l l  ( 1 9 6 8 ) ,  t h e  c o m m e rc ia l  s o u r c e s  
o f  c r a w f i s h  may be  c l a s s e d  a s  ( 1 ) n a t u r a l l y  f l o o d i n g  a r e a s ,  
e . g . ,  r i v e r  b a s i n s ,  l a k e s ,  b a y o u s ,  c a n a l s ,  e t c . ;  ( 2 ) managed 
p r o d u c t i o n  a r e a s ,  e . g . ,  r i c e  f i e l d  and p o n d s .  Penn (1943)  
e s t i m a t e d  t h a t  P .  c l a r k i i  h a v e  a p o t e n t i a l  o f  5 ,0 0 0
TABLE 1
Commercial catch o f  crawfish  in  Louisiana  
for  the per iod  1960-1973*
Year Pounds Value
Unit pr ice  
(per l b . )
1960 1 ,326 ,000 $ 471,107 .173
1961 2 ,186 ,900 $ 288,323 .132
1962 3,097 ,100 $ 408,180 .132
1963 2 ,118 ,400 $ 300,126 .142
1964 3,310,625 $ 568,493 .171
1965 8 ,765 ,500 $1 ,034,950 .118
1966 3 ,270,900 $ 538,024 .164
1967 4 ,520 ,500 $ 787,449 .174
1968 5 ,915 ,900 $1 ,053,026 .178
1969 7 ,892 ,200 $1 ,565,019 .198
1970 3,173 ,300 $ 945,463 .298
1971 6 ,558 ,772 $1,405,864 .214
1972 5 ,712 ,938 $1,265,766 .222
**
1973 9 ,974 ,859 $1 ,936,058 .194
* Bureau o f  Commercial F i sh e r ie s  Report,  "Louisiana Landing."
** Data i s  for  the months o f  January to August,  1973.
6i n d i v i d u a l s  o r  150 p o u n d s  o f  c r a w f i s h  p e r  a c r e  p e r  y e a r  f rom 
t h e  n a t u r a l l y  f l o o d i n g  a r e a  i n  L o u i s i a n a .  L o v e l l  (1968)  r e ­
p o r t e d  t h a t  f rom  managed p r o d u c t i o n  a r e a s ,  w i t h  p r o p e r  man­
a g e m e n t  p r o c e d u r e s ,  t h e  e s t i m a t i o n  o f  1 , 0 0 0  p o u n d s  c r a w f i s h  
p e r  a c r e  p e r  y e a r  a r e  n o t  u n r e a l i s t i c .  T h e re  w e re  o n l y  2 ,000  
a c r e s  o f  managed p r o d u c t i o n  a r e a  i n  1949 ( V i o s c o ,  1 9 4 9 ) .  In  
1 9 7 0 ,  a c c o r d i n g  t o  LaCaze ( 1 9 7 0 ) ,  t h e  managed p r o d u c t i o n  
a r e a s  h av e  i n c r e a s e d  t o  more t h a n  6 , 0 0 0  a c r e s  i n  L o u i s i a n a .
F i s h  and  c r u s t a c e a  f a t s
F i s h  f a t s  a r e  r e c o g n i z e d  by  many r e s e a r c h e r s  a s  b e i n g  
t h e  b e s t  n a t u r a l  s o u r c e  o f  h i g h l y  u n s a t u r a t e d  f a t t y  a c i d s .
In  c o n t r a s t  t o  mammals, w h e r e i n  t h e  a d i p o s e  t i s s u e  s e r v e s  a s  
t h e  m ain  s i t e  o f  l i p i d  s t o r a g e ,  f i s h  and  c r u s t a c e a  a p p e a r  t o  
u s e  t h e  l i v e r  and  s k e l e t a l  m u s c le  f o r  a  s i m i l a r  s t o r a g e  f u n c ­
t i o n  (Vague ,  e t  a l . ,  1 9 6 5 ) .  The r e l a t i v e  i m p o r t a n c e  o f  l i v e r  
and  s k e l e t a l  m u sc le  a s  t h e  s i t e  o f  l i p i d  s t o r a g e  v a r i e s  i n  
d i f f e r e n t  s p e c i e s  o f  f i s h  ( T a b l e  2 ,  B r a e k k a n ,  1 9 5 9 ) .  G r u g e r ,  
e t  a l . ,  (1964)  r e p o r t e d  t h a t  v a r i o u s  f i s h  and  s h e l l f i s h  hav e  
a w ide  r a n g e  o f  o i l  c o n t e n t s ,  f rom  a low o f  0 . 7  p e r  c e n t  to  
a  h i g h  o f  1 5 .9  p e r  c e n t  o i l  f ro m  t h e  body  t i s s u e s .  S i n n h u b e r  
and  Law (1947)  r e p o r t e d  t h a t  l i v e r  a n d  v i s c e r a  w ere  m a j o r  l o ­
c a t i o n s  f o r  l i p i d  d e p o s i t i o n  i n  m o s t  s p e c i e s  o f  m a r in e  f i s h .  
D a ta  c o l l e c t e d  f rom  v a r i o u s  s o u r c e s  (O 'C o n n o r  an d  G i l b e r t ,  
1968 ;  G r u g e r ,  e t  a l . ,  1964 ;  L ig h h e lm ,  e t  a l . ,  1953 ;  Nur ,
1966) showed t h a t  t h e  l i v e r  was t h e  m ain  f a t  d e p o t  f o r  many 
s p e c i e s  o f  f i s h  and c r u s t a c e s  ( T a b l e  3 ) .
7TABLE 2
*
Fat content  o f  l i v e r  and s k e l e t a l  muscle o f  f i s h
Species Liver
Food
Muscle
Ordinary
Muscle
% fa t
C o a l f i sh  
(Gadus v ir en s ) 42.2 2.5 0.5
Herring  
(Clupea harengus) 1.8 28 .2 13.0
Mackerel 
(Scomber scombrus) 7 .7 29.7 13.1
Salmon 
(Salmon sa la r ) 7.4 15.1 2 .0
Braekkan, 0.  R. , 1959.
TABLE 3
Lipid content  o f  l i v e r s  from f i s h e s  and crustaceans
Spec ies
% f a t  in l i v e r  
(dry b a s i s ) Reference
A t l a n t i c  Cod 5 2 .6 Gruger, e t  a l . ,  1964
Spring Dogfish 6 2 .7 Gruger, e t  a l . ,  1964
Rock Lobster 15.0 Lighhelm, e t  a l . ,  1953
Cancer Pagurus 29.02 O’Conner and G i l b e r t , 1968
Red Crawfish 67.32 Nur, M. A . ,  1966
*
wet b a s i s .
8F o r  many y e a r s ,  i t  was g e n e r a l l y  a c c e p t e d  t h a t  m os t  
f a t t y  a c i d s  w ere  composed o f  an e v e n  number  o f  c a r b o n s  i n  a 
s t r a i g h t  c h a i n  a n d  when u n s a t u r a t e d  i t  u s u a l l y  h a d  a d o u b l e  
b on d  b e tw e e n  Cg and  C^q ( H i l d i t c h ,  1956)  . H ow ever ,  due to  
t h e  i n t r o d u c t i o n  o f  new a n a l y t i c a l  t e c h n i q u e s ,  i t  was fo u n d  
t h a t  f a t t y  a c i d s  w i t h  odd  number  c a r b o n  c h a i n s  e x i s t e d  i n  
n a t u r e  i n  s i g n i f i c a n t  q u a n t i t i e s  (M o r ice  and  S h o r t l a n d ,
1955 ;  Ackman, e t  a l . ,  1965 ;  Ackman, e t  a l . ,  1 9 6 4 ) .
The f o l l o w i n g  common c h a r a c t e r i s t i c s  w e re  e n c o u n t e r e d  
i n  f i s h  o i l s  by J a c q u o t  ( 1 9 6 1 ) :
a)  W ith  r e g a r d  t o  t h e  s a t u r a t e d  f a t t y  a c i d s ,  p a l ­
m i t i c  (C^g) i s  u s u a l l y  p r e s e n t  as  1 0 - 1 8  p e r  c e n t  o f  t h e  t o t a l  
q u a n t i t y  o f  f a t t y  a c i d s .  M y r i s t i c  (C-j^) and  s t e a r i c  a c i d  
(C^g) o c c u r  i n  l e s s e r  q u a n t i t i e s .
b )  The u n s a t u r a t e d  f a t t y  a c i d s  p r e s e n t  i n  s i g n i f i ­
c a n t  amount  a r e  t h o s e  w i t h  1 6 ,  1 8 ,  2 0 , and  2 2  c a r b o n  c h a i n s  
w i t h  v a r y i n g  d e g r e e  o f  u n s a t u r a t i o n .  C o n t r a r y  t o  a n im a l  a n d  
v e g e t a b l e  f a t s ,  f i s h  f a t s  c o n t a i n  l i t t l e  o r  no l i n o l e n i c  a c i d  
( C i g . j ) *  The m o s t  common m o noeno ic  a c i d s  a r e  p a l m i t o l e i c  
( C i 6 ) ,  g a d o l e i c  (C20) » c e t o l e i c  (C22) an(* s e l a c o l e i c  (C24) .  
P o l y e n o i c  a c i d s  a r e  c l u p a d o n i c  CC2 2 .g )»  a r a c h i d o n i c  (C 2 q . 4) ,  
h i r a g o n i c  (C j f j .g )  anc* a c i d s  w h ic h  h a v e  more t h a n  2 2 c a r b o n  
a t o m s .
c) W ith  r e g a r d  t o  t h e  s t r u c t u r e  o f  t h e  g l y c e r i d e  
m o l e c u l e s ,  t h e  t h r e e  a l c o h o l  s i t e s  may be e s t e r f i e d  by i d e n ­
t i c a l  f a t t y  a c i d s  o r  by two o r  t h r e e  d i f f e r e n t  f a t t y  a c i d s .
F i s h  o i l s  a r e  g e n e r a l l y  d i v i d e d  i n t o  two g r o u p s ,
9s e a - w a t e r  f i s h  o i l s  a nd  f r e s h - w a t e r  f i s h  o i l s ,  a nd  t h e  two 
g r o u p s  d i f f e r  m a r k e d ly  i n  t h e i r  f a t t y  a c i d  c o m p o s i t i o n  
( L o v e r n ,  1 9 3 2 ) .  I n  g e n e r a l ,  s e a - w a t e r  f i s h  o i l s  h a v e  a r e ­
l a t i v e l y  com p lex  c o m p o s i t i o n ,  a n d  c o n t a i n  g r e a t e r  p r o p o r t i o n s  
o f  C^g,  ^ 2 0 , a n d  C^  u n s a t u r a t e d  a c i d s ;  w h e r e a s ,  f r e s h - w a t e r  
f i s h  o i l s  c o n t a i n  s m a l l e r  am ounts  o f  C2 Q a n d  C2 2  u n s a t u r a g e d  
a c i d s  t h a n  s e a - w a t e r  f i s h  o i l s ,  b u t  g r e a t e r  am oun ts  o f  p a l ­
m i t i c  a c i d  and  C^g u n s a t u r a t e d  f a t t y  a c i d s .  W ith  r e g a r d  t o  
t h e  u n s a t u r a t e d  a c i d s ,  J a c q u o t  (1961)  p r e s e n t e d  d a t a  w h ic h  
showed t h e  b a s i c  d i f f e r e n c e  b e tw e e n  s e a - w a t e r  f i s h  o i l s  and  
f r e s h - w a t e r  o i l s  ( T a b l e  4 ) .
TABLE 4
Percentage o f  unsaturated f a t t y  ac ids  in 
marine and fresh-water  f i sh *
Type o f  f i s h % o f  unsaturated f a t t y  acids
C16 C18
r
20 C22
Marine f i s h 10 25 25 15
Fresh-water
f i s h 20 40 13 2.5
*
Jacquot,  R. 1961.
The d i f f e r e n c e s  b e tw e e n  s e a - w a t e r  and f r e s h - w a t e r  
f i s h  o i l s  m i g h t  come f rom  d i f f e r e n c e s  i n  d i e t ,  e n v i r o n m e n t a l  
c o n d i t i o n s ,  o r  s e a s o n a l  c o n d i t i o n s  ( L o v e r n ,  19 3 2 ) .  Among 
t h o s e  f a c t o r s ,  t h e  t e m p e r a t u r e  a nd  t h e  d i e t  hav e  b e e n  s t u d i e d  
m ost  e x t e n s i v e l y .  Most  s c i e n t i s t s  a g r e e  t h a t  t h e  d i f f e r e n c e s  
i n  f a t t y  a c i d  c o m p o s i t i o n  b e tw e e n  t h e  s e a - w a t e r  and  f r e s h ­
w a t e r  f i s h  a r e  due t o  t h e  d i f f e r . i t  f a t t y  a c i d  c o m p o s i t i o n  o f  
t h e i r  d i e t s  w h ich  i n  t u r n  i s  t h e  r e s u l t  o f  d i f f e r e n t  g ro w th  
t e m p e r a t u r e s  ( F a r k a s  a n d  H e r o d e k ,  1964 ;  F a r k a s  and D y e r ,  1959 
O 'C o n n o r  and  G i l b e r t ,  1 9 6 8 ) .  T a b l e  5 r e v e a l s  a t y p i c a l  com­
p a r i s o n  b e tw e e n  t h e  s e a - w a t e r  and  f r e s h - w a t e r  f i s h  w i t h  r e ­
g a r d s  t o  t h e i r  f a t t y  a c i d  c o m p o s i t i o n .
O 'C o n n o r  and  G i l b e r t ,  (1968)  r e p o r t e d  t h a t  l i p i d  was 
t h e  p r e d o m i n a n t  o r g a n i c  r e s e r v e  o f  many c r u s t a c e a .  The im ­
p o r t a n c e  o f  l i p i d  t o  t h e  c r u s t a c e a n  i s  s u g g e s t e d  by i t s  p e r ­
c e n t a g e  c o n t r i b u t i o n  t o  t h e  f r e s h  w e i g h t  o f  t h e  o r g a n i s m  and 
p a r t i c u l a r l y  t o  t h e  h e p a t o p a n c r e a s  ( T a b l e  6 ) .
The f a t t y  a c i d  c o m p o s i t i o n  o f  c r u s t a c e a  r e s e m b l e  t h e  
f i s h ,  t h e  s e a - w a t e r  c r u s t a c e a  c o n t a i n s  a r e l a t i v e l y  h i g h  p r o ­
p o r t i o n  o f  l o n g  c h a i n  p o l y u n s a t u r a t e d  f a t t y  a c i d s ,  w h e r e a s  
t h e  l i p i d  o f  f r e s h - w a t e r  c r u s t a c e a n  c h a r a c t e r i s t i c a l l y  y i e l d  
a  r e l a t i v e l y  l a r g e  q u a n t i t y  o f  s a t u r a d e d  C16 and  Cjg f a t t y  
a c i d s  ( F a r k a s  and  H e r o d e k ,  1959 ;  O 'C o n n o r  and G i l b e r t ,  1.968; 
J a c q u o t ,  1 9 6 1 ) .
Zandee  ( 1 9 6 6 ) ,  W o l fe ,  e t  a l . ,  ( 1 9 6 5 ) ,  and Nur (1966)  
w orked  on f r e s h - w a t e r  c r a w f i s h  i n d e p e n d e n t l y .  The d a t a  
on f a t t y  a c i d  c o m p o s i t i o n  w ere  c o l l e c t e d  and  sum m ar ized
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TABLE 5
Fatty  ac id  composition o f  f i s h  o i l s  from 
sea-water  and fresh-water  f i sh *
Fatty  ac id  
chain length  
(No. C atoms)
Double bond 
(No. per  Mol.) Menhaden
Cobo
salmon
lake**
w h i t e f i sh
(per cent fa t )
14 0 8 .0 3.7 2 .2
15 0 0 .5 0 .5 0 .3
1(?) 0 .3 0 .3
16 0 28.9 10.2 12.1
1 7 .9 6 .7 10.5
2 0 .8 1.2 1 .2
17 0 1.0 0.9 1.1
18 0 4 .0 4 .7 4 .0
1 13.4 18.6 27.2
2 1.1 1.2 5.5
3 0 .9 0.6 3.7
4 1.9 2.1 1 .0
19 0 0 .9 1.8
20 1. 0.9 8.4 2.1
2(?) 0 .5 0 .4 0 .8
3 0.1 0 .6
4 1 .2 0 .9 3.9
5 10.2 12.0 6.4
22 1 1.7 5.5 0 .5
1(?) 1.1 0 .6
4 0 .7 0 .6 1.1
5 1.6 2.9 3.3
6 12.8 13.8 8.8
24 1C?) 0 .9 0.6 1.2
* Gruger, e t  a l . , 1964
** fresh-water  f i s h
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( T a b le  7 ) .  The f a t t y  a c i d  c o m p o s i t i o n  o f  s e v e r a l  s e a - w a t e r  
c r u s t a c e a  a r e  a l s o  p r e s e n t e d .
TABLE 6
Fat content o f  hepatopancreas o f  crustacea
Species per cent  f re sh  s t . per cent  dry wt.
Cancer pagurus* 8 .23 29.02
Procambarus c la r k i i* * 15.76 67.32
Jasus la la n d i i* * * 15.0
* O'Connor anti G i lb er t ,  1968 
** Nur, M. A . ,  1966 
*** Ligthelm, e t  a l . ,  1953
L i p o l y t i c  a c t i v i t y  i n  f i s h  
a nd  c r u s t a c e a n _______________
Enzymes h y d r o l y z i n g  t r i g l y c e r i d e s  have  b e e n  s t u d i e d  
w e l l  o v e r  a c e n t u r y  s i n c e  C lan d e  B e r n a r d  f i r s t  d e m o n s t r a t e d  
i t s  e x i s t e n c e  a t  1846 (Summer, 1 9 5 3 ) .  Among a l l  t h e  l i p o l y ­
t i c  e nzym es ,  t h e  p a n c r e a t i c  l i p a s e  h a s  b e e n  most  e x t e n s i v e l y  
s t u d i e d ,  b u t  o t h e r s  p r e s e n t  i n  d i g e s t i v e  j u i c e s ,  a n im a l  t i s ­
s u e s ,  p l a n t s ,  and  m i c r o o r g a n i s m s  have  r e c e i v e d  l i t t l e  a t t e n ­
t i o n  ( W i l l s ,  1 9 6 5 ) .
The e x i s t e n c e  o f  l i p o l y t i c  enzymes i n  f i s h  h a s  lo n g  
b e e n  n o t i c e d  s i n c e  B ab k in  and Bowie (1920)  r e p o r t e d  t h a t  a
TABLE 7
Percent f a t t y  ac ids  in  l i p i d s  from crustaceans  
l i v i n g  in  d i f f e r e n t  environments
sea-water  fresh-water
(No. C atoms) P. b o r e a l i s  
T.L*
M. norvegica  
T.L.
H. gammarus 
H.L.**
A. as tacus  
T.L.
0.  r u s t icu s  
T.L.
0 .  v i r i l i s  
H.L.
P. c l a r k i i  
H.L.
up to 14:0# 0 .3 0 .2 0 .0 2 .3 3 .3 0 .0 2.21
14:0 2.9 4 .8 1.6 0 .4 2.1 0 .0 4 .10
15:0 0.5 0 .6 1 .4 1.9 0 .0 0.0 0.25
16:0 14.9 15.2 17 .7 21.4 19.7 20 .3 30.64***16:1 14.1 11.8 10.3 4 .4 15.1 12.2
17:0 0 .3 0 .7 5 .8 7.2 6 .1 0 .0 0.87
18:0 2.6 1 .3 3.9 14.0 3.1 8.4 22.53***18:1 20.2 15.3 29 .9 32.0 21.5 31.8
18:2 0.8 1.3 0.1 2 .3 7.4 8 .8 16.12
18:3 1 .0 trace trace 0 .0 9 .2 3.7 5.34
20:0 0 .0 trace trace 1.4 0 .0 0 .0 0 .0
20:1 4 .8 10.5 10.7 3.4 0 .0 0 .0 3.67
20:4 2 .0 1.1 trace trace 5 .7 0 .0 12.9
20:5 15.3 9 .3 0 .0 0 .0 7.0 0.0 0 .0
22:1 4 .9 13.1 trace trace 0 .0 0.0 0 .0
Reference: Ackman and Eaton, 1967 Zandee, 
1967
Zandee,
1966
Wolfe, e t  a l .  
1965
, O'Connor, 
e t  a l ,  1968
Nur, 1966
# Mnemonic shorthand introduced by S t o f f e l ,  e t  a l . ,  (1958) .
* Total l i p i d
** Hepatopanereatic Lipid 
*** 16:0 and 16:1 combined 
**** 18:0 and 18:1 combined
l i p a s e  was i s o l a t e d  f rom  f i s h  d i g e s t i v e  s y s t e m s .  McKay 
(1929)  a n d  J o h n s t o n  (1 9 37 )  a l s o  r e p o r t e d  l i p a s e  a c t i v i t y  
f rom  t h e  d i g e s t i v e  s y s t e m  i n  f i s h .
L o v e rn  (1 93 0 )  d e s c r i b e d  t h a t  t h e r e  was a p p r e c i a b l e  
and c o m p a r a b l e  l i p i d  h y d r o l y s i s  i n  t h e  l i v e r s  o f  cod and  
l i n g .  He a l s o  r e p o r t e d  t h a t  t h e  l i p o l y s i s  was more a c t i v e  
i n  t h e  l i v e r s  o f  yo un g  f i s h  t h a n  o f  o l d e r  f i s h .
A n o n - s t e r e o s p e c i f i c  p a n c r e a t i c  l i p a s e  was i s o l a t e d  
f rom  c a r t i l a g i n o u s  f i s h  ( s k a t e )  by B r o c k e r h o f f ,  e t  a l . ,
( 1 9 6 5 ) .  B r o c k e r h o f f  (1966)  a l s o  d e s c r i b e d  d i g e s t i o n  o f  f a t  
by c od  w h ich  was s i m i l a r  t o  t h a t  o f  p a n c r e a t i c  l i p a s e s  o f  
t h e  h i g h e r  a n i m a l s .  He t h o u g h t  t h a t  i t  c o u l d  be  from th e  
d i f f u s e  p a n c r e a t i c  t i s s u e  o f  t h e  f i s h ,  s i n c e  t h e  l i p a s e  was 
s i m i l a r  i n  i t s  a c t i o n  ( n o n - s t e r e o s p e c i f i c )  to  t h e  p a n c r e a t i c  
l i p a s e  i n  mammals and  i n  t h e  s k a t e .  K i t a m i k a d o ,  e t  a ] . ,
(1961)  r e p o r t e d  a s t r o n g  e s t e r a s e  a c t i v i t y  i n  t h e  l i v e r ,  
s p l e e n ,  a n d  b i l e  o f  r a i n b o w  t r o u t .  M o r i s h i t a ,  e t  a l . ,  (1966)  
r e p o r t e d  f i n d i n g  e s t e r a s e  a c t i v i t i e s  f rom  f i v e  d i f f e r e n t  s p e ­
c i e s  o f  f i s h .
Wood ( 1 9 5 9 a )  o b s e r v e d  t h a t  an  enzyme c a p a b l e  o f  s p l i t  
t i n g  o f f  f a t t y  a c i d s  f rom  t r i g l y c e r i d e s  was i n d e e d  p r e s e n t  in  
l i n g c o d  m u s c l e .  L o v e r n  (1 96 2 a)  and  O l l e y ,  e t  a l . ,  (1962)  r e ­
p o r t e d  t h a t  enzym es r e s p o n s i b l e  f o r  t h e  r e l e a s e  o f  f a t t y  a c i d s  
was l i p a s e  a n d  a g r o u p  p f  p h o s p h o l i p a s e . They f u r t h e r  s t a t e d  
t h a t  t h e  h y d r o l y s i s  o f  p h o s p h o l i p i d s  i n  f i s h  m u sc le  was r e s p o n  
s i b l e  f o r  t h e  l a r g e  i n c r e a s e  i n  f r e e  f a t t y  a c i d s .
I t  h a s  b e e n  s u g g e s t e d  t h a t  l i p i d  h y d r o l y s i s  i n  f i s h
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m u s c le  was a n  e n z y m a t i c  r e a c t i o n ,  i n v o l v i n g  t h e  p h o s p h o l i ­
p i d s ,  t h e  t r i g l y c e r i d e s ,  and  p r o b a b l y  some o f  t h e  o t h e r  l i p i d  
c o n s t i t u e n t s  (L e a ,  1 9 5 7 ) .  A c c o r d i n g  t o  Bosunds  ( 1 9 6 9 a ) ,
45 p e r  c e n t  an d  75 p e r  c e n t  o f  t h e  f r e e  f a t t y  a c i d s  fo rm ed  
i n  d a r k  a n d  w h i t e  m u sc le  r e s p e c t i v e l y  was a  r e s u l t  o f  p h o s ­
p h o l i p i d  h y d r o l y s i s ,  t h e  r e m a i n d e r  b e i n g  t r i g l y c e r i d e  h y d r o -  
l y s o s .
A l i p o l y t i c  enzyme w h ic h  a c t e d  upon l i p i d s  i n  g a s t r i c  
j u i c e  o f  t h e  C r u s t a c e a  was d e m o n s t r a t e d  by H o p p e - S e y l e r  i n  
1877 (Vonk, 1 9 6 0 ) .  K r u g e r ,  e t  a l . ,  (1929)  s u g g e s t e d  t h a t  t h e  
l i p o l y t i c  enzyme was an  e s t e r a s e  r a t h e r  t h a n  a  l i p a s e  b e c a u s e  
e s t e r s  o f  lo w e r  a l c o h o l s  and  lo w e r  f a t t y  a c i d s  w ere  h y d r o ­
l y z e d  much more r a p i d l y  t h a n  f a t s .  He a l s o  r e p o r t e d  t h a t  
e v e n  i n  t h e  same s p e c i e s  so m e t im es  f a t s ,  and  a t  o t h e r  t im e s  
e s t e r s ,  w ere  more r e a d i l y  h y d r o l y z e d .  Gruzew ska  (1932)  r e ­
p o r t e d  t h a t  a  l i p o l y t i c  enzyme was found  f rom  t h e  se rum  o f  
c r a w f i s h  and c r a b s .  B r o c k e r h o f f  and  H o y le  (1967)  o b s e r v e d  
t h a t  t h e  d i g e s t i v e  l i p a s e  o f  t h e  l o b s t e r  a c t e d  on t r i g l y ­
c e r i d e s  i n  t h e  same m anner  as  t h e  c o r r e s p o n d i n g  enzymes o f  
mammals a n d  f i s h .
F a t  s p l i t t i n g  enzymes i n  t h e  h e p a t o p a n c r e a s  t i s s u e s  
o f  c r a w f i s h  h a s  b e e n  d e m o n s t r a t e d  h i s t o c h e m i c a l l y  by D a v i s ,  
e t  a l . ,  ( 1 9 6 4 ) .  Denuce (1967)  fo u n d  t h a t  a t  l e a s t  s e v e n  e s ­
t e r a s e s  and two a l k a l i n e  p h o s p h a t a s e s  w ere  d e t e c t e d  i n  a q u eou s  
e x t r a c t s  o f  t h e  c r a w f i s h  h e p a t o p a n c r e a s .  K l e i n e  (1 9 66 ;  1967) 
r e p o r t e d  t h a t  t h e  l i p o l y t i c  a c t i v i t y  found  i n  c r a w f i s h  h e p a t o ­
p a n c r e a s  and g a s t r i c  j u i c e  was due to  e s t e r a s e  r a t h e r  than
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l i p a s e  a c t i v i t y  a n d  was s i m i l a r  t o  mammalian l i v e r  e s t e r a s e .
He f u r t h e r  s t a t e d  t h a t  t h e  enzyme from h e p a t o p a n c r e a s  was a l ­
m o s t  2 0 0  t i m e s  more a c t i v e  t h a n  t h e  one f rom  g a s t r i c  j u i c e .
L i p o l y t i c  enzymes show some p r e f e r e n t i a l  a c t i v i t i e s  
t o w a r d  t h e  s u b s t r a t e s .  George  (1962)  and  Wood (1 9 5 9 a ;  1959b) 
r e p o r t e d  t h a t  f i s h  c o n t a i n  a l i p a s e  which  c a t a l y z e s  t h e  h y d r o ­
l y s i s  o f  s h o r t - c h a i n  t r i g l y c e r i d e s .  L a t e r  t h e  r e s u l t s  from 
t h e  s t u d y  on t r o u t  m u s c le  l i p a s e  ( B i l i n s k i  a n d  Lau (1969)  i n ­
d i c a t e d  t h a t  t h e  p r e s e n c e  i n  f i s h  m u sc le  o f  a l i p o l y t i c  a c t i v ­
i t y  t o w a r d  l o n g - c h a i n  t r i g l y c e r i d e s  was c a p a b l e  o f  h y d r o l y z i n g  
d e p o t  f a t .  I n  c o n t r a s t  to  t h e  h y d r o l y s i s  o f  s h o r t - c h a i n  t r i g ­
l y c e r i d e s ,  i n  w h ic h  o p t i m a l  a c t i v i t y  above  pH 8  was o b s e r v e d  
(Wood, 1 9 5 9 a ) ,  t h e  c l e a v a g e  o f  l o n g - c h a i n  t r i g l y c e r i d e s  was 
o p t i m a l  n e a r  n e u t r a l i t y  ( S c h n a t z ,  1966 ;  B i a l e ,  e t  a l . ,  1 9 6 8 ) .  
B i a l e ,  e t  a l . ,  (1968)  f u r t h e r  c l a s s i f i e d  t h e  enzyme r e s p o n ­
s i b l e  f o r  t h e  c l e a v e g  o f  s h o r t - c h a i n  t r i g l y c e r i d e s  a s  an  e s ­
t e r a s e  w h ic h  o n l y  h y d r o l y z e s  a s o l u b l e  e s t e r .
The p r e f e r e n t i a l  a c t i o n  o f  l i p a s e  on u n s a t u r a t e d  
f a t t y  a c i d s  w ere  r e p o r t e d  by Ono ( 1 9 4 0 a ;  1 9 4 0 b ) ;  h o w e v e r ,  
l a t e r  work f a i l e d  t o  c o n f i r m  t h e s e  e a r l i e r  f i n d i n g s .  S a v a r y ,  
e t  a l . ,  (1956)  a nd  o t h e r s  ( M a t t s o n  and  B eck ,  1956 ;  S a v a r y ,  
1955)  r e p o r t e d  t h a t  a s  a  g e n e r a l  r u l e  t h e  e x i s t e n c e  o f  one  o r  
two d o u b l e  b o n d s  i n  t h e  f a t t y  a c i d  d i d  n o t  e f f e c t  t h e  r a t e  o f  
h y d r o l y s i s .
R e s u l t s  f rom  s c i e n t i f i c  r e s e a r c h  h a s  shown t h a t  t h e  
p a n c r e a t i c  l i p a s e  s p l i t s  s h o r t - c h a i n  f a t t y  a c i d s  more r a p i d l y  
t h a n  l o n g - c h a i n  f a t t y  a c i d s  ( W i l l s ,  1961;  S o b o tk a  and G l i e k ,
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1934;  W e i n s t e i n  and  Wynne, 1 9 3 5 ) .
The e f f e c t  o f  f r o z e n  s t o r a g e  
on l i p o l y t i c  enzyme
A l t h o u g h  t h e  r a n g e  f o r  opt imum a c t i v i t y  o f  l i p o l y ­
t i c  enzymes i s  u s u a l l y  d e s c r i b e d  a s  30° t o  40 °  C. ( W i l l s ,  
1 9 6 1 ) ,  l i p a s e  was r e p o r t e d  s t i l l  a c t i v e  a t  v e r y  low t e m p e r a ­
t u r e  e v e n  i n  s y s t e m s  f r o z e n  s o l i d  a t  - 1 5 °  C. ( B e l l s  and 
T u c k e r ,  1938 ;  K i e r m e i r ,  1 9 4 7 ) .
A c c o r d i n g  t o  Woods' s t u d i e s  (1 9 5 9 a ;  1 9 5 9 b ) ,  l i p a s e  
a c t i v i t y  i n  l i n g c o d  f i l l e t s  d i d  n o t  show a ny  g r e a t  c h an g e  
a f t e r  s t o r e d  a t  - 2 0 °  C. f o r  v a r i o u s  l e n g t h s  o f  t i m e s ,  b u t  a 
g r a d u a l  d e c r e a s e  was o b s e r v e d .  How ever ,  he  p o i n t e d  o u t  t h a t  
t h e  enzyme was s t i l l  v e r y  a c t i v e  a f t e r  1 2  weeks o f  s t o r a g e  
a t  - 2 0 °  C.
D y e r ,  e t  a l . ,  (1959)  r e p o r t e d  t h a t  more t h a n  50 p e r  
c e n t  o f  t h e  " f a t "  was h y d r o l y z e d  i n  cod  f i l l e t s  s t o r e d  a t  
10° F. ( - 1 2 °  C .)  a f t e r  one m onth ,  he a l s o  found t h a t  t h e  r a t e  
was much f a s t e r  a t  10° F.  t h a n  a t  - 1 0 °  F . , b u t  t h e  r a t e s  a t  
10°  F. a nd  32° F. ( i c e d  f i s h )  w ere  a l m o s t  t h e  same.  They 
f u r t h e r  i n d i c a t e d  t h a t  t h e  f r e e  f a t t y  a c i d s  m o s t l y  w e re  from 
p h o s p h o l i p i d  c o n s t i t u e n t s  o f  t h e  f a t .
B l i g h  (1961)  and  B l i g h  and  S c o t t  (1966)  i n  t h e i r  r e ­
p o r t s  on f r o z e n  cod  m u sc le  fo u n d  t h a t  t h e  m a j o r  p r e c u r s o r s  
o f  t h e  f r e e  f a t t y  a c i d s  w h ic h  were  l i b e r a t e d  d u r i n g  f r o z e n  
s t o r a g e  w ere  p h o s p h o l i p i d  c o n s t i t u t e n t s  r a t h e r  t h a n  t r i g l y ­
c e r i d e s .  D y e r ,  e t  a l . ,  (1 9 5 1 ;  1 9 5 6 a ;  1956b) h a s  o b s e r v e d
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e x t e n s i v e  l i p i d  h y d r o l y s i s  w i t h  l i b e r a t i o n  o f  f r e e  f a t t y  
a c i d s  a c c o m p a n ie d  f r o z e n  s t o r a g e  d e t e r i o r a t i o n  i n  many f i s h  
s p e c i e s  th o u g h  n o t  i n  a l l .
Dyer (1959)  a n d  C a s t e l l ,  e t  a l . ,  (1966)  fo u n d  t h a t  
e x t e n s i v e  l i p i d  h y d r o l y s i s  p r e c e d e d  t h e  d e c r e a s e  i n  p r o t e i n  
e x t r a c t a b i l i t y  when cod  was s t o r e d  a t  - 1 2 °  C . , w h i l e  s a m p le s  
s t o r e d  a t  - 3 2 °  C. showed no c h an g e  i n  t a s t e  s c o r e s  o r  p o r t e i n  
e x t r a c t a b i l i t y  up t o  1 2  m on ths  e v en  th o u g h  t h e r e  was some 
l i p i d  h y d r o l y s i s .  They a l s o  r e p o r t e d ,  s u r p r i s i n g l y ,  t h a t  t h e  
o x i d a t i o n  o f  t h e  h i g h l y  u n s a t u r a t e d  f a t t y  a c i d  l i b e r a t e d  a p ­
p e a r e d  t o  be  v e r y  l i m i t e d .
O l l e y  a n d  L o v e rn  (1960)  s u g g e s t e d  t h a t  l i p i d  h y d r o ­
l y s i s  i n  f r o z e n  f i s h  n o t  o n l y  was e f f e c t e d  by t h e  t e m p e r a t u r e  
b u t  by  t h e  amount  o f  f r e e  w a t e r  a v a i l a b l e  i n  t h e  f r o z e n  s t a t e .
Some r a t h e r  f r a g m e n t a r y  d a t a  ( L o v e r n ,  1930) on f i s h  
l i v e r s  s t o r e d  a t  a b o u t  - 1 2 °  C. i n d i c a t e  t h a t  t h e r e  were  a p ­
p r e c i a b l e  d i f f e r e n c e s  i n  t h e  l i p a s e  a c t i v i t y  o f  d i f f e r e n t  
s p e c i e s .  In  a s k a t e  ( R a ia  b a t i s )  t h e r e  was no e v i d e n c e  o f  
any  l i v e r  l i p a s e  a c t i v i t y ,  b u t  t h e r e  was a p p r e c i a b l e  h y d r o ­
l y s i s  i n  t h e  l i v e r s  o f  cod  and  l i n g .
The e f f e c t  o f  h e a t  on l i p o l y t i c  
a c t i v i t y _____________________________
H e a t  t r e a t m e n t  h a s  b e e n  l o n g  u s e d  f o r  enzyme i n a c t i ­
v a t i o n .  The t y p i c a l  exam p le  i s  i n  t h e  d a i r y  i n d u s t r y  where  
h i g h - t e m p e r a t u r e - s h o r t - t i m e  (1 6 7°  F. f o r  2 s e c o n d s  o r  
186° F. f o r  0 . 3  s e c o n d s )  h a s  b e en  e m p lo yed  f o r  m i lk  l i p a s e
19
i n a c t i v a t i o n  ( H e t r i c k  a n d  T r a c y ,  1 9 4 8 ) .
B a s i c a l l y ,  h e a t  t r e a t m e n t  w h ic h  w i l l  d e n a t u r e  p r o ­
t e i n s  w i l l  u l t i m a t e l y  d e n a t u r e  e n z y m e s ,  b u t  d i f f e r e n t  p r o ­
t e i n s  h a v e  d i f f e r e n t  s t a b i l i t i e s  t o w a rd  h e a t  w h ich  made t h i s  
t r e a t m e n t  a  v e r y  c o m p lex  o p e r a t i o n .
E x p o su re  o f  p a n c r e a t i c  e x t r a c t  f rom  hog t o  60° C. 
f o r  25 m i n u t e s  d e s t r o y s  n e a r l y  100 p e r  c e n t  o f  t h e  c a p a c i t y  
f o r  e n z y m a t i c  h y d r o l y s i s  o f  e s t e r s  o f  s h o r t - c h a i n  f a t t y  a c i d s ,  
b u t  o n l y  60 t o  70 p e r  c e n t  o f  t h e  c a p a c i t y  f o r  h y d r o l y s i s  o f  
l o n g - c h a i n  t r i g l y c e r i d e s  ( F o d o r ,  1 9 5 0 ) .
O l l e y  a n d  L o v e rn  (1960)  fo u n d  t h a t  c o o k in g  o f  cod 
f i l l e t s  f o r  30 m i n u t e s  i n  c a s s e r o l e  s u r r o u n d e d  by s t e a m  a t  
100° C. d i d  n o t  r e s u l t  i n  any  a p p r e c i a b l e  l o s s  o f  p h o sp h o -  
l i p a s e  a c t i v i t y ;  h o w e v e r ,  p r o l o n g i n g  t h e  h e a t  t r e a t m e n t  to  
90 m i n u t e s  r e s u l t e d  i n  c o m p l e t e  d e s t r u c t i o n  o f  t h e  l i p a s e  
a c t i v i t y .  But  a c c o r d i n g  t o  Bosund  and  G a n r o t  ( 1 9 6 9 ) ,  t h e  
e x t r e m e l y  h i g h  t h e r m o s t a b i l i t y  c o u l d  n o t  be c o n f i r m e d  in  
t h e i r  e x p e r i m e n t .  In  t h e i r  e x p e r i m e n t ,  t h e  cod  f i l l e t s  were  
s t e a m  c o o k ed  f o r  1 0  m i n u t e s ,  t h e  f i l l e t s  a p p e a r e d  to  be done 
and  s u b s e q u e n t  s t o r a g e  showed t h a t  t h e  l i p o l y t i c  enzymes had 
b e e n  i n a c t i v a t e d .  F u r t h e r m o r e ,  30 m in u te  s t e a m i n g  r e s u l t e d  
i n  a l m o s t  c o m p l e t e  i n a c t i v a t i o n .
Bosund and  h i s  c o - w o r k e r  (1969)  r e p o r t e d  t h a t  t h e r e  
was a d e c r e a s e  i n  l i p o l y t i c  a c t i v i t y  i n  h e r r i n g  f i l l e t s  a f t e r  
c o o k in g  f o r  one  m in u t e  i n  a m ic row ave  ov en  a n d  a f t e r  4 m in ­
u t e s  c o o k i n g  t h e  i n a c t i v a t i o n  o f  t h e  enzyme was p r a c t i c a l l y  
c o m p l e t e d .  They a l s o  p o i n t e d  o u t  t h a t  t h e  p h o s p h o l i p a s e s
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w e re  h e a t  i n a c t i v a t e d  more q u i c k l y  t h a n  t h e  l i p a s e s  i n  
h e r r i n g .
A n t i t h i a m i n e  a c t i v i t y  i n  f i s h  
and  C r u s t a c e a  _______ _______
The p r e s e n c e  o f  a n t i t h i a m i n e  f a c t o r  i n  f i s h  h a s  b e e n  
known s i n c e  C h a s t e k - p a r a l y s i s  (an  a c u t e  d i e t a r y  d i s e a s e )  was 
i n d u c e d  by i n c l u s i o n  o f  raw c a r p  i n  t h e  d i e t s  f e d  to  f o x e s
( G r e e n ,  e t  a l . ,  1 9 4 2 ) .  H e r e a f t e r ,  many r e s e a r c h  s c i e n t i s t s
h a v e  i n v e s t i g a t e d  t h i s  a n t i t h i a m i n e  f a c t o r .  D e u t s c h  and 
H a s l e r  (1 9 43 )  r e p o r t e d  t h a t  m os t  f r e s h - w a t e r  f i s h  were  fo u n d  
t o  c o n t a i n  t h i s  f a c t o r ,  a l l  s p e c i e s  o f  t h e  c a r p  f a m i l y  t h a t
t h e y  e x a m in e d  c o n t a i n e d  t h e  f a c t o r ,  b u t  a l m o s t  a l l  m a r in e
f i s h  d i d  n o t  c o n t a i n  t h i s  f a c t o r  e x c e p t  cod and h a d d o c k .  
D e o l a l k a r  and S o h o n ie  (1954)  found  t h a t  t h e  a n t i  t h i a m i n e  f a c ­
t o r  e x i s t e d  n o t  o n l y  i n  f r e s h - w a t e r  f i s h  b u t  a l s o  in b r u c k i s h -  
w a t e r  a n d  s a l t - w a t e r  f i s h .  He f u r t h e r  s t a t e d  t h a t  i t  was t r u e  
t h a t  t h e  f r e s h - w a t e r  f i s h  (K h a v a le )  c o n t a i n s  o n l y  one t h i a m i -  
n a s e ,  b u t  f o r  b r a c k i s h - w a t e r  and  s a l t - w a t e r  f i s h  t h e r e  were 
t h r e e  d i f f e r e n t  pH’ s a t  w h ic h  t h e  enzyme e x h i b i t s  optimum a c ­
t i v i t y  .
M e l n i c k ,  e t  a l . ,  (1945)  d e m o n s t r a t e d  t h a t  an a p p r e c i ­
a b l e  d e s t r u c t i o n  o f  t h i a m i n e  ( a b o u t  50 p e r  c e n t )  o c c u r r e d  in  
t h e  g a s t r o - i n t e s t i n a l  t r a c t  f o l l o w i n g  t h e  c o n c o m i t a n t  i n g e s ­
t i o n  o f  raw c l a m s .  lie a l s o  i n d i c a t e d  t h a t  o y s t e r s ,  h e r r i n g  
and sa lmon a l l  c o n t a i n  t h i s  a n t i t h i  ami no f a c t o r .  I ' u j i t a  in 
h i s  r e p o r t  (1954)  p o i n t e d  o u t  t h a t  l a r g e  number o f  s h e l l f i s h
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an d  c r u s t a c e a n  w ere  fo u n d  to  c o n t a i n  t h i s  a n t i t h i a m i n e  f a c ­
t o r ,  n a m e ly  c la m ,  s n a i l ,  o y s t e r ,  c r a b ,  and  l o b s t e r .
G r e e n ,  e t  a l . ,  (1942)  hav e  d e m o n s t r a t e d  t h a t  t h e  
c a r p  m ea t  c o n t a i n s  l i t t l e  o r  none  o f  t h e  a n t i  t h i a m i n e  f a c t o r .  
On t h e  o t h e r  h a n d ,  t h e  v i s c e r a  and  t r im m in g s  were  fo u n d  e x ­
t r e m e l y  p o t e n t  i n  p r o d u c i n g  C h a s t e k - p a r a l y s i s . S e a l o c k ,  
e t  a l . ,  (1943)  made f u r t h e r  i n v e s t i g a t i o n s  o f  t h e  d i s t r i b u ­
t i o n  among a l l  t h e  s e p a r a t e  t i s s u e s  and  o r g a n s ,  t h e  r e s u l t s  
a r e  shown i n  T a b le  8 .
Some e a r l y  i n v e s t i g a t i o n s  l e d  t o  t h e  c o n c l u s i o n  t h a t  
t h e  a n t i t h i a m i n e  f a c t o r  was a n  enzyme. S e a l o c k ,  e t  a l . ,  
(1943)  f i r s t  s u g g e s t e d  t h a t  t h e  i n a c t i v a t i o n  o f  t h i a m i n e  by 
c a r p  t i s s u e  was an  e n z y m a t i c  r e a c t i o n .  L a t e r ,  K ra m p i tz  and 
Wooley (1944)  p r o v e d  t h a t  th e  d e s t r u c t i o n  o f  t h i a m i n e  by c a r p  
t i s s u e  was an e n z y m a t i c  r e a c t i o n  by t h e  d e m o n s t r a t i o n  o f  t h e  
p r o d u c t s  o f  c l e a v a g e  o f  t h e  t h i a m i n e .  In  t h e i r  w o rk ,  t h e  e n ­
zyme was o b t a i n e d  i n  good y i e l d  i n  a 10 p e r  c e n t  NaCl s o l u ­
t i o n  a n d  h a s  b e e n  shown t o  c o n s i s t  o f  a h e a t  l a b i l e ,  n on -  
d i a l y z a b l e  p a r t  and a h e a t  s t a b l e ,  d i a l y z a b l e  co m p o n e n t .
Based  on t h e  work o f  S e a l o c k ,  e t  a l . ,  (1943)  and 
K r a m p i tz  and Wooley ( 1 9 4 4 ) ,  Y udk in  (1949)  p r o p o s e d  t h a t  th e  
t h i a m i n e  d e s t r u c t i o n  was a h y d r o l y t i c  c l e a v a g e  o f  t h e  t h i a ­
mine m o l e c u l e  b e tw e e n  t h e  p y r i m i d i n e  and t h i u z o l e  r i n g s  
( F i g u r e  1) .
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TABLE 8
Dist r ibu t ion  o f  thiamine destroying 
p r in c ip le  in  carp t is sues*
Tissues
Weight
g-
A c t iv i ty  units** 
pe r  g.
Spleen 7.8 25.00
2.5 6 . 0 0
8 . 2 21.60
Liver and pancreas 95.1 2.50
53.9 1.99
34.7 1.48
G as t ro in te s t ine 44.4 2.50
31.3 8.72
23.7 3.54
G il ls 52.1 2.5
34.0 4.34
15.2 2.16
Kidney 17.8 1.34
Blood - 1.23
0.80
Heart 4.1 . 33
Testes 392.0 .25
Brain 2.3 . 2 1
Mucous 2 1 . 2 .04
3.7 .14
Gall b ladder  and b i l e 8.4 . 1 1
Eyes 7.8 .06
Ovaries 9 .3 .62
Swim bladder - -
Muscle — *
* Sealock, e t  a l . ,  1943.
** One u n i t  has been defined as th a t  amount o f  a c t i v i t y  which 
under the experimental condition w i l l  cause the d isappear­
ance of  one micromole o f  thiamine.
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Figure 1. Hydrolytic  enzyme cleavage o f  thiamine
F u j i t a  (1954)  i n  h i s  r e p o r t  c o n c l u d e d  t h a t  a l l  p r o ­
p e r t i e s  o f  t h i s  a n t i t h i a m i n e  f a c t o r  seems t y p i c a l  o f  p r o t e i n s  
an d  i t s  e n zy m ic  n a t u r e  a p p e a r s  t o  be b e y o n d  d o u b t .
How ever ,  r e c e n t  work by K u e n d ig ,  e t  a l . ,  (1967)  fou nd  
t h e  a c t i v e  m o i e t y  i s o l a t e d  was f r e e  o f  p r o t e i n s  and  amino 
a c i d s .  They a l s o  p o i n t e d  o u t  t h a t  t h e  m o i e t y  was m i c r o c r y s t ,  
t h e r m o s t a b l e ,  and  i t s  a n t i t h i a m i n e  a c t i v i t y  was h i g h  w i t h  
o n l y  a  s l i g h t l y  pH a n d  t e m p e r a t u r e  d e p e n d e n c e .  H i k e r  a nd  
P e t e r  (1968)  r e p o r t e d  t h a t  t h e i r  r e s u l t s  p o s i t i v e l y  showed 
t h a t  t h e  a n t i t h i a m i n e  f a c t o r  f rom  t h e  s k i p j a c k  t u n a  was n o t  
enzyme i n  n a t u r e .  S t u d i e s  made by H i k e r  a nd  P e t e r  (1968)  a nd
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Tang a n d  H i k e r  (1970)  i n d i c a t e d  t h a t  t h e r e  w e re  p o s s i b l y  more 
t h a n  one  a n t i t h i a m i n e  f a c t o r  r e s p o n s i b l e  f o r  t h e  d e s t r u c t i o n  
o f  t h i a m i n e .  They f u r t h e r  s t a t e d  t h a t  i t  a p p e a r e d  t h a t  d i f ­
f e r e n t  a n t i t h i a m i n e  f a c t o r s  e x i s t  i n  d i f f e r e n t  s p e c i e s  o f  
f i s h  a n d  a l s o  i n  t h e  same f i s h .
1
I I .  MATERIALS AND METHODS
L i p o l y t i c  A c t i v i t y  
P r e p a r a t i o n  o f  t i s s u e  sam ple
One h u n d r e d  p o u n d s  o f  l i v e  c r a w f i s h  w ere  o b t a i n e d  
f rom  a l o c a l  s e a f o o d  m a r k e t  i n  B a to n  Rouge,  L o u i s i a n a .  The 
c r a w f i s h  w ere  k i l l e d  by  p i t h i n g  and  t h e  h e p a t o p a n c r e a t i c  
t i s s u e s  w ere  rem oved  f rom  t h e  h e a d  and s t o r e d  a t  0° C. u n ­
t i l  a n a l y z e d .
M o i s t u r e  a n d  c r u d e  f a t  
d e t e r m i n a t i o n ___________
The m o i s t u r e '  c o n t e n t  o f  b o t h  t h e  h e p a t o p a n c r e a t i c  
t i s s u e s  a n d  p e e l e d  t a i l  m ea t  w e re  d e t e r m i n e d  by t h e  vacuum 
o ven  m e th od  a c c o r d i n g  t o  t h e  A .O .A .C .  p r o c e d u r e s  (A.O .A.C.  
7 . 0 0 3 ,  1 9 7 0 ) .
The c r u d e  f a t . c o n t e n t  o f  t h e  p e e l e d  t a i l  m ea t  was d e ­
t e r m i n e d  a c c o r d i n g  t o  t h e  d i r e c t  m ethod  i n  A .O .A.C .  ( 7 . 0 4 8 ,  
1 9 7 0 ) ,  w h e r e a s  t h e  c r u d e  f a t  c o n t e n t  o f  t h e  h e p a t o p a n c r e a t i c  
t i s s u e s  was d e t e r m i n e d  a c c o r d i n g  to  t h e  i n d i r e c t  method as  
o u t l i n e d  i n  A .O .A .C .  ( 7 . 0 4 9 ,  1 9 7 0 ) .
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L i p o l y t i c  a c t i v i t y  d e t e r m i n a t i o n
The l i p o l y t i c  a c t i v i t y  o f  t h e  h e p a t o p a n c r e a t i c  t i s *  
s u e s  was e s t i m a t e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  by  
D i r s t i n e ,  e t  a l . ,  (1968)  w i t h  t h e  e x c e p t i o n  t h a t  no  a d d i t i o n a l  
s u b s t r a t e  p a r t i c i p a t e d  i n  t h e  s y s t e m .  A c o m b i n a t i o n  o f  g a s -  
l i q u i d  c h r o m a t o g r a p h i c  an d  w e i g h i n g  m e th o d s  was u s e d  t o  e s t i ­
m ate  t h e  f r e e  f a t t y  a c i d s  (FFA) q u a n t i t a t i v e l y  i n s t e a d  o f  t h e  
o r i g i n a l  c o l o r - m e t r i c  m e th o d .  The c h r o m a t o g r a p h i c  m e th od  i s  
d e s c r i b e d  l a t e r  i n  d e t a i l .
R e a g e n t  p r e p a r a t i o n :
1 .  P h o s p h a t e  b u f f e r  - -  M /15 ,  pH 7 . 0  a t  25° C.
D i s s o l v e  0 . 8 5 g  a n h y d r o u s  Na 2 HPO^ a n d  0 .3 5 g
KH-PO. i n  d i s t i l l e d  w a t e r  t o  100 m l.  Ad- 2 4
j u s t  pH t o  a b o v e ,  i f  r e q u i r e d ,  w i t h  NaOH 
o r  p h o s p h o r i c  a c i d .
2. Copper  r e a g e n t  - -  Mix one  volume o f  1 M 
a c e t i c  a c i d  ( 5 7 . 3  ml g l a c i a l  a c e t i c  a c i d  
d i l u t e d  to  1  l i t e r  w i t h  d i s t i l l e d  w a t e r ) ,
9 vo lum es  o f  1 M t r i e t h a n o l a m i n e  ( 1 4 . 9g 
t r i e t h a n o l a m i n e  d i l u t e d  t o  1 0 0  ml w i t h  
d i s t i l l e d  w a t e r ) ,  and  10 v o lu m es  o f  6.5%
(w/v)  c u p r i c  n i t r a t e  t r i h y d r a t e  i n  d i s ­
t i l l e d  w a t e r .  The r e s u l t i n g  s o l u t i o n  h a s
a  deep  b l u e  c o l o r  a n d  i s  s t a b l e  f o r  s e v e r a l  
weeks a t  room t e m p e r a t u r e .
3. C h l o r o f o r m  - -  R e a g e n t  g r a d e .
4 .  E t h a n o l  - -  A b s o l u t e  o r  95% p u r e  e t h a n o l .
Sam ple  p r e p a r a t i o n . - -  One h u n d r e d  grams o f  h e p a t o ­
p a n c r e a t i c  t i s s u e s  w e re  t a k e n  a n d  m ix e d  w i t h  1 0 0  ml p h o s p h a t e  
b u f f e r  i n  a  W ar ing  B l e n d e r  f o r  1 m i n u t e  a t  0°  C. To e a c h  
t u b e ,  e x a c t l y  lOg o f  t h e  m i x t u r e  was t r a n s f e r r e d ,  t h e  t u b e  
was t h e n  c o v e r e d  w i t h  e i t h e r  g l a s s - s t o p p e r  o r  s a r a n  wrap 
c o v e r e d  c o r k .
I n c u b a t i o n  a n d  t e r m i n a t i o n  o f  l i p o l y  t i c  a c t i v i t y . - - 
T u b e s ,  c o n t a i n i n g  lOg t i s s u e  m i x t u r e ,  w e re  i n c u b a t e d  a t  37° C 
Ten m i l l i l i t e r s  e t h a n o l  w ere  a d d e d  t o  t h e  t u b e s  w h ic h  s e r v e d  
a s  c o n t r o l s ,  a t  t h e  b e g i n n i n g  o f  t h e  i n c u b a t i o n  p e r i o d .  To 
o n e - h a l f  o f  t h e  r e m a i n i n g  t u b e s ,  t h e  r e a c t i o n  was t e r m i n a t e d  
a t  t h e  e nd  o f  15 m i n u t e s  by a d d i n g  10 ml e t h a n o l  t o  e a c h  t u b e  
The r e m a i n i n g  t u b e s  w ere  a l l o w e d  t o  i n c u b a t e  f o r  a n o t h e r  15 
m i n u t e s  f o l l o w e d  by  t e r m i n a t i o n  by a d d i t i o n  o f  1 0  ml o f  e t h a ­
n o l .  S o l u t i o n s  w e re  r e a d y  f o r  f r e e  f a t t y  a c i d  e x t r a c t i o n .
E x t r a c t i o n  o f  f r e e  a c i d s . - -  To e a c h  o f  t h e  t e s t  t u b e s  
35 ml c h l o r o f o r m  was a d d e d .  The t u b e s  w ere  t h e n  s t o p p e r e d  
a n d  s h a k e n  v i g o r o u s l y  f o r  2 m i n u t e s .  The m i x t u r e  was t r a n s ­
f e r r e d  t o  a 250 ml s e p a r a t o r y  f u n n e l  a nd  a l l o w e d  t o  s e p a r a t e .  
The c h l o r o f o r m - e x t r a c t  l a y e r  was d e c a n t e d  a n d  s t o r e d .  Ten 
m i l l i l i t e r s  c h l o r o f o r m  was t h e n  a d d e d  t o  t h e  a q u e o u s  l a y e r  
a n d  t h e  t u b e  was a g a i n  s h a k e n  v i g o r o u s l y  t o  r e c o v e r  t h e  r e s i ­
d u a l  f r e e  f a t t y  a c i d s .  The c h l o r o f o r m  l a y e r  was c o l l e c t e d  
a n d  c o m b in e d  t o  t h e  p r e v i o u s  e x t r a c t i o n .  The c h l o r o f o r m -  
e x t r a c t  was t h e n  w a sh e d  by  s h a k i n g  w i t h  2 0  ml d i s t i l l e d  w a t e r  
t h e  a q u e o u s  l a y e r  was a l l o w e d  t o  s e p a r a t e  a nd  was removed by
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a s p i r a t i o n .  T w e n t y - f i v e  m i l l i l i t e r s  o f  c o p p e r  r e a g e n t  was 
t h e n  a d d e d  t o  t h e  c h l o r o f o r m - e x t r a c t ,  t h e  m i x t u r e  was t h e n  
s h a k e n  v i g o r o u s l y  f o r  2  m i n u t e s ,  t h e  b l u e  a q u e o u s  l a y e r  was 
rem oved  by  c o m b i n a t i o n  o f  c e n t r i f u g a t i o n  a nd  a s p i r a t i o n .
The c h l o r o f o r m  l a y e r  c o n t a i n e d  m a i n l y  f r e e  f a t t y  a c i d s  i n  
t h e  fo rm  o f  s o l u b l e  c o p p e r  s o a p s  w h ic h  was t h e n  t r a n s f e r r e d  
t o  l a r g e  t e s t  t u b e s .  The c h l o r o f o r m  was t h e n  rem oved  by a 
g e n t l e  s t r e a m  o f  n i t r o g e n  g as  a n d  t h e  f a t t y  a c i d  r e s i d u e s  
w ere  r e a d y  f o r  m e t h y l a t i o n  f o l l o w e d  by  g a s - l i q u i d  c h r o m a t o ­
g r a p h i c  a n a l y s i s .
A ssa y  o f  t h e  t h e r m o s t a b i l i t y  o f  t h e  
l i p o l y t i c  a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
h e p a t o p a n c r e a t i c  t i s s u e s _________________
The p r o c e d u r e s  f o r  d e t e r m i n a t i o n  o f  t h e  t h e r m o s t a b i l ­
i t y  o f  t h e  l i p o l y t i c  a c t i v i t y  were  s i m i l a r  t o  t h a t  f o r  t h e  
l i p o l y t i c  a c t i v i t y  d e t e r m i n a t i o n .  However ,  p r i o r  t o  t h e  i n ­
c u b a t i o n ,  t h e  s a m p le s  r e c e i v e d  one o f  t h e  f o l l o w i n g  t r e a t ­
m e n t s :  m a i n t a i n e d  f r e s h ,  b o i l e d  f o r  2 m i n u t e s ,  b o i l e d  f o r  4
m i n u t e s ,  b o i l e d  f o r  8  m i n u t e s ,  and  a  b l a n k  w h ic h  was i n a c t i ­
v a t e d  a t  0 t im e  t h e n  b o i l e d  f o r  8  m i n u t e s .  The h e a t - t r e a t e d  
s a m p le s  w ere  t h e n  i n c u b a t e d  a t  37° C. f o r  30 m i n u t e s .  The 
r e a c t i o n  was t e r m i n a t e d  by a d d i n g  1 0  ml o f  e t h a n o l  t o  a l l  t h e  
s a m p le s  e x c e p t  t h e  b l a n k .  The f r e e  f a t t y  a c i d s  w ere  e x t r a c ­
t e d  and a n a l y z e d  a c c o r d i n g  t o  t h e  p r o c e d u r e s  d e s c r i b e d  p r e ­
v i o u s l y .
A s s a y  o f  l i p o l y t i c  a c t i v i t y  d u r i n g  
s u b s e q u e n t  c o l d  s t o r a g e
The l i p o l y t i c  a c t i v i t y  d u r i n g  s u b s e q u e n t  c o l d  s t o r a g e  
was e s t i m a t e d  by m e a s u r i n g  t h e  c o m p o s i t i o n  a s  w e l l  a s  t h e  
q u a n t i t y  o f  t h e  f r e e  f a t t y  a c i d s  fo rm ed  d u r i n g  s t o r a g e .
P r e p a r a t i o n  o f  h e p a t o p a n c r e a t i c  t i s s u e s  f o r  s t o r a g e . - 
T r e a t m e n t  s p e c i a l l y  d e s i g n e d  f o r  t h e  d e t e r m i n a t i o n  o f  t h e  
l i p o l y t i c  a c t i v i t y  u n d e r  low t e m p e r a t u r e  s t o r a g e  was p e r f o r m e  
i m m e d i a t e l y  f o l l o w i n g  t h e  c o l l e c t i o n  o f  t h e  h e p a t o p a n c r e a t i c  
t i s s u e s .  Each s a m p le  h a d  a p p r o x i m a t e l y  20g t i s s u e s  an d  was 
i n d i v i d u a l l y  p a c k e d  and s e a l e d  i n  a  p o l y e t h y l e n e  b a g  a f t e r  r e  
c e i v i n g  one o f  t h e  f o l l o w i n g  t r e a t m e n t s :
T r e a t m e n t  1 - -  20g t i s s u e s  w i t h  no a d d i t i o n a l
t r e a t m e n t .
T r e a t m e n t  2 - -  20g t i s s u e s  w ere  m ixed  w i t h  lOg
f r e s h l y  p e e l e d  t a i l m e a t .
T r e a t m e n t  3 - -  0 . 0  21 p r o p y l  g a l l a t e  and  0 . 0  2% EDTA
on t h e  b a s e  o f  t h e  c r u d e  f a t  c o n t e n t
were  a d d e d  and  m ix ed  w i t h  2 0 g t i s s u e s .
T r e a t m e n t  4 - -  Same a s  T r e a t m e n t  3 ,  e x c e p t  t h a t  t h e
sa m p le  was b o i l e d  f o r  5 m i n u t e s  a f t e r  
i t  was m ixed  w i t h  t h e  a d d i t i v e s .
F r e e z i n g  and  s t o r a g e  o f  s a m p l e s . - -  A c o m p l e t e  s e t  o f  
s a m p le s  was f r o z e n  a t  0° C. a n d  h e l d  f o r  p e r i o d s  o f  4 ,  8 , 1 2 ,  
a nd  16 w e e k s .  An a d d i t i o n a l  s e t  o f  wamples was f r o z e n  a t
- 2 0 °  C. a n d  h e l d  f o r  t h e  same p e r i o d  o f  t im e  a s  t h e  o t h e r  s e t
At l e a s t  two r a n d o m iz e d  s a m p le s  from e ac h  s e t  were  u s e d  f o r
e a c h  d e t e r m i n a t i o n  a t  one  p a r t i c u l a r  s t o r a g e  t im e  f o r  e a c h  
t r e a t m e n t .
E x t r a c t i o n  o f  f r e e  f a t t y  a c i d s . - -  When s a m p le s  were  
t a k e n  f rom t h e  s t o r a g e  room a t  t h e  t im e  d e s i r e d ,  2 0 g t i s s u e s  
w ere  c a r e f u l l y  w e ig h e d  o u t  a n d  m ix e d  w i t h  40 ml h o t  (6 0 °  C.)  
c h l o r o f o r m .  The m i x t u r e  was t h e n  b l e n d e d  i n  a  W ar ing  b l e n d e  
a t  h i g h  s p e e d  f o r  5 m i n u t e s ,  i t  was t h e n  t r a n s f e r r e d  t o  a 
250 ml s e p a r a t o r  f u n n e l  a n d  a l l o w e d  t o  s e p a r a t e .  The 
c h l o r o f o r m - e x t r a c t  l a y e r  was d e c a n t e d  i n t o  a  c l e a n  s e p a r a t o r  
f u n n e l .  The r e s i d u e  i n  t h e  a q u e o u s  l a y e r  was e x t r a c t e d  w i t h  
a d d i t i o n a l  15 ml h o t  c h l o r o f o r m ,  t h e  c h l o r o f o r m  was t h e n  c o l  
l e c t e d  and  com bined  w i t h  t h e  c h l o r o f o r m - e x t r a c t  p r e v i o u s l y  
c o l l e c t e d .  T h i s  c h l o r o f o r m - e x t r a c t  was t h e n  h a n d l e d  a c c o r d ­
i n g  to  t h e  p r o c e d u r e s  d e s c r i b e d  p r e v i o u s l y  ( p .  2 7 ) .
M e t h y l a t i o n  o f  f r e e  f a t t y  a c i d s
M e t h y l a t i o n  o f  f r e e  f a t t y  a c i d s  was p e r f o r m e d  a c c o r d  
i n g  t o  t h e  p r o c e d u r e  m o d i f i e d  by  M e t c a l f e  and  S c h m i t z  (1966)  
F o l l o w i n g  t h e  r em o v a l  o f  t h e  c h l o r o f o r m  from t h e  c h l o r o f o r m -  
e x t r a c t ,  t h e  f a t t y  a c i d  r e s i d u e s  w e re  t r a n s f e r r e d  t o  a  c a r e ­
f u l l y  t a r e d  50 ml c e n t r i f u g e  t u b e  w i t h  a s m a l l  amount  o f  p e ­
t r o l e u m  e t h e r .  The e t h e r  was t h e n  rem oved  by a s t r e a m  o f  
n i t r o g e n  g a s ,  t h e  w e i g h t  o f  t h e  f r e e  f a t t y  a c i d s  was t h e n  
c a r e f u l l y  t a k e n  a n d  r e c o r d e d .
From e a c h  s a m p l e ,  0 . 5 g  f r e e  f a t t y  a c i d  was t r a n s f e r ­
r e d  t o  a l a r g e  t u b e  w i t h  s c r e w  c a p .  To e a c h  t u b e ,  4 ml o f  
0 .5N  m e t h a n o l i c  sod ium  h y d r o x i d e  ( A p p l i e d  S c i e n c e  L a b . )  was
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t h e n  ad d ed  a n d  b o i l e d  f o r  a b o u t  2 m i n u t e s .  A s a t u r a t e d  NaCl 
s o l u t i o n  was t h e n  a d d e d  u n t i l  two l a y e r s  w e re  fo rm e d .  The 
m e t h y l e s t e r  l a y e r  ( t o p  l a y e r )  was w i t h d r a w n  a nd  e v a p o r a t e d  
t o  d r y n e s s  on  a  w a t e r  b a t h  (50°  C . ) .  The m e t h y l e s t e r  was 
t h e n  t r a n s f e r r e d  t o  a 1  ml v o l u m e t r i c  f l a s k  w i t h  a  s m a l l  
am ount  o f  p e t r o l e u m  e t h e r .  The f l a s k  was t h e n  made t o  volume 
w i t h  t h e  same s o l v e n t .  The f a t t y  a c i d  m e t h y l e s t e r  s o l u t i o n  
was t h e n  r e a d y  f o r  g a s - l i q u i d  c h r o m a t o g r a p h i c  a n a l y s i s .
I d e n t i f i c a t i o n  a n d  q u a n t i t a t i o n  o f  
t h e  m e t h y l e s t e r s  o f  f a t t y  a c i d s
The g a s - l i q u i d  c h r o m a t o g r a p h i c  t e c h n i q u e  was u s e d  to  
a n a l y z e  t h e  m e t h y l e s t e r s  o f  f a t t y  a c i d s .  A m i c r o - t e k  g a s  
c h r o m a t o g r a p h y  i n s t r u m e n t  (GC-2000R) was u s e d .  The o p e r a ­
t i o n a l  c o n d i t i o n s  em ployed  a r e  shown i n  T a b l e  9 .  I n d i v i d u a l  
p e a k s  f rom t h e  r e s u l t i n g  c h ro m a to g ra m s  w ere  i d e n t i f i e d  by 
c o r r e l a t i n g  r e l a t i v e  r e t e n t i o n  t im e  d a t a  f rom  r e f e r e n c e  s t a n ­
d a r d s .  F o r  t h o s e  p e a k s  n o t  c o r r e s p o n d i n g  t o  one  o f  t h e  known 
r e f e r e n c e  s t a n d a r d s ,  t e n t a t i v e  i d e n t i f i c a t i o n  was made by 
u s i n g  t h e  MECL ( m o d i f i e d  e q u i v a l e n t  c h a i n  l e n g t h )  s y s t e m  
(Ackman 1 9 6 3 ) .
Q u a n t i t a t i o n  o f  e a c h  i n d i v i d u a l  p e a k  was p e r f o r m e d  by 
an a u t o m a t i c  d i g i t a l  i n t e g r a t o r  ( I n f o r t r o n i c s  Model CRS-208) 
and  r e c o r d e d .  C o r r e c t i o n  was t h e n  made by a p p l y i n g  a c o r r e c ­
t i o n  f a c t o r  w h ic h  was b a s e d  on t h e  w e i g h t  o f  t h e  f r e e  f a t t y  
a c i d  r e s i d u e  f rom e a c h  o f  t h e  s a m p l e s .
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TABLE 9
Gas chromatography opera t ional  conditions
C r i t e r i a Spec if ica t ions
Column length, shape 6  f e e t ,  co i led  h e l ix  s t a in le s s s te e l
Column ins ide  diameter 1/4 inch
Column support Chromsorb W, 80-100 mesh
Column su bs t ra te 1% OV-1
Temperature
Column
In jec t ion  po r t  
Detector
From 140o-265° C. a t  a r a t e  o f  
270° C.
290° C.
2° C./min
C arr ie r  gas Nitrogen, 40ml/min
Hydrogen 45ml/min
Air 1.1 CHF
Output p o l a r i ty Negative
Output a t tenu a to r 2
Input a t tenua to r , 1 0 2
Recording char t  speed 1/4 inch per  minute
Detector Dual hydrogen flame
In te  gra to r /  reco rder Automatic d i g i t a l  in te g ra to r  
( In fo r t ron ics  Model CRS-208 - 
Honeywell Electronik 194)
--
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A n t i t h i a m i n e  A c t i v i t y
The a n t i t h i a m i n e  a c t i v i t y  was d e t e r m i n e d  a c c o r d i n g  
t o  t h e  p r o c e d u r e s  d e s c r i b e d  by  G n a e d in g e r  (196 5) w i t h  m in o r  
m o d i f i c a t i o n s .
T r e a t m e n t  o f  s a m p le s
Twenty po u n d s  o f  l i v e  c r a w f i s h  w ere  o b t a i n e d  f rom  a 
l o c a l  s e a f o o d  m a r k e t  i n  B a to n  Rouge,  L o u i s i a n a .  The c r a w f i s h  
w ere  t h e n  d i v i d e d  i n t o  f o u r  g r o u p s ,  e a c h  r e c e i v i n g  one  o f  t h e  
f o l l o w i n g  t r e a t m e n t s :  m a i n t a i n e d  f r e s h ,  b o i l e d  5 m i n u t e s ,
b o i l e d  30 m i n u t e s ,  o r  o v e n  d r i e d  a t  100°  C. f o r  24 h o u r s .
Each  c r a w f i s h  was t h e n  s e p a r a t e d  i n t o  two a n a t o m i c a l  p a r t s  
f o r  a n a l y s i s :  abdomen and c e p h a l o t h o r a x .  The f l e s h  m a t e r i a l
was rem oved  f rom  t h e  s h e l l  a n d  g r o u n d  t h r o u g h  a o n e - e i g h t h -  
i n c h  p l a t e  and  s t o r e d  a t  0°  C. u n t i l  a n a l y z e d .
P r e p a r a t i o n  o f  c r a w f i s h  e x t r a c t s
S ev e n  5 -g ram  s a m p le s  (w e t  w t . )  f rom e a c h  o f  t h e  c r a w ­
f i s h  f l e s h  m a t e r i a l  w e re  h o m o g en ize d  w i t h  95 ml o f  c o l d  5%
KC1 s o l u t i o n  f o r  1 m in u t e  a t  h i g h  s p e e d  i n  a  W aring  b l e n d e r .  
The h o m o g en a te  was c e n t r i f u g e d  a t  1 ,5 0 0  rpm f o r  5 m i n u t e s  a t  
1° C. The s u p e r n a t a n t  was f i l t e r e d  t h r o u g h  gau ze  and  t h e  r e ­
s i d u e  was d i s c a r d e d .
R e a c t i o n  o f  e x t r a c t  w i t h  t h i a m i n e
N i n e t y - f i v e  m i l l i l i t e r s  o f  e a c h  e x t r a c t  and  5 ml o f  a
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s t a n d a r d  t h i a m i n e  s o l u t i o n  ( 0 . 0 2  mg t h i a m i n e  h y d r o c h l o r i d e  
p e r  ml)  was b r o u g h t  t o  i n c u b a t i o n  t e m p e r a t u r e  by  s u b m e r g in g  
them  s e p a r a t e l y  i n  a 37° C. w a t e r  b a t h  f o r  10 m i n u t e s  b e f o r e  
m i x i n g .  At t h e  s t a r t  o f  t h e  a s s a y  (0 t i m e ) ,  t h e  t h i a m i n e  
s o l u t i o n  was a d d e d  to  t h e  e x t r a c t  and  two 1 0  ml a l i q u o t s  w ere  
i m m e d i a t e l y  t a k e n  a n d  t r a n s f e r r e d  t o  25 ml v o l u m e t r i c  f l a s k s  
c o n t a i n i n g  12 ml o f  h o t  0 .1N  HC1, w h ic h  h a d  b e e n  p r e h e a t e d  i n  
a  b o i l i n g  w a t e r  b a t h .  The f l a s k s  w e re  h e a t e d  f o r  an  a d d i -  
o n a l  1 0  m i n u t e s  i n  t h e  b o i l i n g  w a t e r  t o  c o a g u l a t e  t h e  p r o ­
t e i n ,  c o o l e d  r a p i d l y  t o  room t e m p e r a t u r e  u n d e r  t a p  w a t e r .
The c o n t e n t s  was t h e n  d i l u t e d  t o  25 ml w i t h  2.5M sod ium  a c e ­
t a t e .  One o f  t h e s e  s a m p le s  was t o  s e r v e  a s  a  s t a n d a r d ,  and  
t h e  o t h e r  as  a  b l a n k .  A f t e r  t h e  r e a c t i o n  h a d  p r o c e e d e d  f o r  
30 m i n u t e s ,  two a d d i t i o n a l  10 ml a l i q u o t s  w e re  t a k e n  and  
t r e a t e d  i n  l i k e  m a n n e r .
O x i d a t i o n  o f  t h i a m i n e  t o  t h io c h r o m e
Each 25 ml o f  t h e  d i l u t e d  s o l u t i o n  was f i l t e r e d  and  
5 ml p o r t i o n  was p l a c e d  i n  a  250 ml s e p a r a t o r  f u n n e l .  One ml 
o f  t h e  f e r r i c y a n i d e  s o l u t i o n  (1 ml o f  1% f e r r i c y a n i d e  w i t h  24 
ml o f  15% NaOH) was a d d e d  to  e a c h  s e p a r a t o r  f u n n e l  e x c e p t  t h e  
b l a n k ,  t o  w h ic h  1 ml o f  15% NaOH was a d d e d .  F i f t e e n  m i l l i ­
l i t e r s  o f  i s o b u t y l  a l c o h o l  was a d d e d ,  and  e a c h  s e p a r a t o r  f u n ­
n e l  was s h a k e n  v i g o r o u s l y  f o r  2 m i n u t e s  and  l e t  s t a n d  f o r  5 
m i n u t e s  t o  a l l o w  t h e  s e p a r a t i o n  o f  t h e  l i q u i d  p h a s e .  The 
aq u eo u s  l a y e r  was d i s c a r d e d ,  and t h e  b u t a n o l  l a y e r  was s h a k e n  
w i t h  1 . 5 g  o f  a n h y d ro u s  sod ium  s u l f a t e  u n t i l  i t  was c l e a r .
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M easu rem en t  o f  t h io c h r o m e  
f l u o r e s c e n c e   '
The c l e a r  s o l u t i o n  i n  e a c h  s e p a r a t o r  f u n n e l  was d e ­
c a n t e d  i n t o  a  c u v e t t e s ,  a n d  t h e  f l u o r e s c e n c e  was r e a d  w i t h  a 
Coleman p h o t o f l u o r o m e t e r  (Model 12-C) i n  c o m b i n a t i o n  w i t h  a 
C o le  G a l v - o - m e t e r  (Model 2 2 ) .  A 365nm p r i m a r y  f i l t e r  and  a 
430 nm s e c o n d a r y  f i l t e r  w ere  u s e d .  The a n t i t h i a m i n e  a c t i v i t y  
was e x p r e s s e d  a s  m ic r o g r a m s  o f  t h i a m i n e  h y d r o c h l o r i d e  d e ­
s t r o y e d  p e r  m in u t e  p e r  gram o f  s a m p l e ,  on  a  d r y  w e i g h t  b a s i s .  
C o n s e q u e n t l y ,  m o i s t u r e  d e t e r m i n a t i o n s  w ere  made on e a c h  o f  
t h e  g ro u n d  m a t e r i a l s  i n  o r d e r  t o  c o n v e r t  d a t a  f ro m  a w e t  
b a s i s  t o  a d r y  w e i g h t  b a s i s  by u s i n g  t h e  A .O .A .C .  p r o c e d u r e s  
( A . O . A . C . , 7 .0 0 3  1 9 7 0 ) .
I I I .  RESULTS AND DISCUSSION
T o t a l  s o l i d  a n d  f a t  c o n t e n t  o f  
t h e  h e p a t o p a n c r e a t i c  t i s s u e  
and  t a i l  m ea t
The t o t a l  s o l i d s  a n d  f a t  c o n t e n t  o f  h e p a t o p a n c r e a t i c  
t i s s u e  a n d  t a i l  m e a t  a r e  shown i n  T a b le  1 0 .  The c r u d e  f a t  
c o n t e n t  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e  20.18% on a w e t  b a s i s .  
Nur (1966)  r e p o r t e d  a f a t  c o n t e n t  o f  17% (w e t  b a s i s )  f o r  t h e  
same t i s s u e .  The d i f f e r e n c e  c o u l d  be  due  e i t h e r  t o  t h e  s e a ­
s o n a l  v a r i a t i o n s  o r  t o  t h e  m a t u r i t y  o f  t h e  c r a w f i s h  (O 'C onnor  
a n d  G i l b e r t ,  1 9 6 8 ;  Z a n d e e ,  1 9 6 6 ) .  The r e s u l t s  a l s o  i n d i c a t e  
t h a t  t h e  c r a w f i s h  h a v e  a  h i g h e r  p e r c e n t a g e  o f  v i s c e r a l  f a t  
t h a n  do f i s h  when t h e s e  v a l u e s  a r e  c o m p a re d  w i t h  t h o s e  o b ­
t a i n e d  by  B a l a s u n d a r a n ,  e t  a l . ,  (1 9 5 6 )  who fo u n d  t h a t  t h e  
v i s c e r a l  f a t  c o n t e n t  f ro m  f r e s h  w a t e r  f i s h  r a n g e d  f rom  2  t o  
15%. I t  i s  a l s o  n o t e w o r t h y  t h a t  t h e  t a i l  m ea t  c o n t a i n e d  o n l y  
2.33% f a t  on  a d r y  w e i g h t  b a s i s .
The h i g h e r  s o l i d  c o n t e n t  i n  h e p a t o p a n c r e a t i c  t i s s u e  
was r e l a t e d  t o  i t s  h i g h e r  f a t  c o n t e n t ,  t h i s  i s  q u i t e  common 
w i t h  m o s t  f a t t y  t i s s u e s .
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TABLE 10
Total so l id s  and crude f a t  content o f  the 
hepatopancreatic  t i s su e s  and 
ta i lm eat  from red crawfish
C r i t e r i a
Hepatopancreatic
t i s su e s Tailmeat
Total so l ids 38.81* 17.52
(per cent)
Crude f a t 20.18 0.41
(per cent,  wet wt.)
Crude f a t 51.97 2.33
(per cent,  dry wt.)
* Each value i s  the average o f  e igh t  observations
The l i p o l y t i c  a c t i v i t y  o f  t h e  
h e p a t o p a n c r e a t i c  t i s s u e _______
The r e s u l t s  o f  t h e  p r e s e n t  s t u d y  i n d i c a t e  t h a t  v a r i o u s  
f a c t o r s  a r e  p r e s e n t  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e  w h ic h  a r e  
c a p a b l e  o f  h y d r o l y z i n g  t h e  l i p i d  r e s e r v e s .  The f a c t o r ( s )  a p ­
p e a r  t o  h y d r o l y z e  p r e d o m i n a n t l y  f a t t y  a c i d  w i t h  14 t o  22 c a r ­
b o n s  f rom  v a r i o u s  t r i g l y c e r i d e s  and  p h o s p h o l i p i d s  p r e s e n t  i n  
t h e  t i s s u e  ( T a b l e  1 1 ) .
The i n c r e a s e  i n  t o t a l  f r e e  f a t t y  a c i d s  a nd  t h e  c h a n g e  
i n  c o m p o s i t i o n  i n d i c a t e s  t h a t  t h e  v a r i o u s  f a t t y  a c i d s  a r e  n o t  
h y d r o l y z e d  a t  t h e  same r a t e  a s  r e p o r t e d  by S a v a ry  and 
D e s n u e l l e  (1956)  and  M a t t s o n  and  Beck ( 1 9 5 6 ) .  However ,  t h e  
g r e a t  h e t e r o g e n e i t y  o f  t h e  s u b s t r a t e s  a s  w e l l  a s  t h e  p o s s i b l e
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TABLE 11
Free f a t t y  acid composition of  hepatopancreatic  
t i s su e s  before and a f t e r  incubation
Fat ty  acid Time incubated a t  37° C.
(I .D.)
0  min* 15 min 30 min
C1 0 : 1 0.39** 0.35 0.39
C1 0 : 0 - - -
C1 1 : 0 - - -
C1 2 : 0 0 . 0 2 0.04 0.05
C13:l - - -
C13:0 - - -
C14:l 0.42 0.31 0.33
C14:0 2.90 3.15 3.54
C15:l 2 . 8 6 2.49 3.07
C15:0 2.87 2.59 3.07
C 1 6 : 1 6.40 5.90 5.33
C16:0 23.08 25.80 21.03
C17: ? 1 . 1 2 2.64 0.30
C18:3 0.40 0.63 0.05
f  + C 18:1 18:2 33.42 34.55 38.13
C18:0 9.26 7.97 8.26
C20:5 9.07 6.43 6.85
C20:4 1.58 0.65 1.73
C2 0 : 1 -
'1 -
C2 2 : 6 5.01 5.25 5.94
C2 2 : 1 0 . 1 0 0.13 0 . 6 6
C23:? 0.38 0.44 0.51
C24:l 0 . 0 2 0.45 0.51
* Tissues were in ac t iv a ted  a t  0 time, then incubated a t  37° C. 
fo r  30 minutes.
** Presented as mole pe r  cent.
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m u l t i - o r i g i n  o f  t h e  l i p o l y t i c  f a c t o r ( s )  make i t  i m p o s s i b l e  
t o  draw a n y  c o n c l u s i o n  on t h e  s u b s t r a t e  s p e c i f i c i t y .
A f t e r  i n c u b a t i n g  h e p a t o p a n c r e a t i c  t i s s u e  f o r  30 m in u ­
t e s  a t  37° C . ,  f r e e  f a t t y  a c i d s  l e v e l  i n  t h e  t i s s u e  i n c r e a s e d  
109% a s  co m pared  t o  t h e  o r i g i n a l  s a m p le s  p r i o r  t o  i n c u b a t i o n .
A 75% i n c r e a s e  was n o t e d  a f t e r  o n l y  15 m i n u t e s  o f  i n c u b a t i o n  
( T a b l e  1 2 ) .
Among a l l  t h e  f a t t y  a c i d s ,  p a l m i t i c  a c i d  ( C ^ . g )  a n ^ 
o l e i c  a c i d  a r e  t h e  m a jo r  c o m p o n e n ts  o f  t h e  f r e e  f a t t y
a c i d s  ( T a b l e  1 1 ) .  D u r in g  t h e  i n c u b a t i o n ,  t h e  r a t e  o f  i n c r e a s e  
f o r  p a l m i t i c  a c i d  r e a c h e d  i t s  p e a k  a t  15 m i n u t e s ,  w h e r e a s  t h e  
o l e i c  a c i d  i n c r e a s e d  g r a d u a l l y  t h r o u g h o u t  t h e  30 m in u t e  i n c u ­
b a t i o n  p e r i o d .  T h e re  i s  no c l e a r  e x p l a n a t i o n  f o r  t h e  d i f f e r ­
e n c e s  a t  t h e  p r e s e n t  t i m e ,  b u t  i t  h a s  b e e n  s u g g e s t e d  t h a t  t h e  
d e c r e a s e  i n  r a t e  f o r  t h e  p a l m i t i c  a c i d  l i b e r a t i o n  was due to  
t h e  r e l a t i v e l y  low s u b s t r a t e  c o n c e n t r a t i o n .  T h i s  c o u l d  be 
a l s o  t r u e  w i t h  some o f  t h e  o t h e r  f a t t y  a c i d  ( T a b l e  1 1 ) .
T h e r m o s t a b i l i t y  o f  t h e  l i p o l y t i c  
a c t i v i t y  a s s o c i a t e d  w i t h  t h e  
h e p a t o p a n c r e a t i c  t i s s u e ___________
An a t t e m p t  was made t o  s u p p r e s s  t h e  l i p o l y t i c  a c t i v i t y  
a s s o c i a t e d  w i t h  t h e  t i s s u e  by u s i n g  h e a t  t r e a t m e n t .  S i n c e  any  
c h ang e  p r o d u c e d  by h e a t  m u s t  a lw a y s  be  r e l a t e d  t o  b o t h  t e m p e r a ­
t u r e  a n d  t i m e ,  t h e  t i s s u e s  w e re  b o i l e d  f o r  v a r i o u s  l e n g t h s  o f  
t i m e .  I t  i s  o b v i o u s  t h a t  t h e  l i p o l y t i c  a c t i v i t y  a s s o c i a t e d  
w i t h  t h e  h e p a t o p a n c r e a t i c  t i s s u e s  i s  v e r y  t h e r m o s t a b l e  a s  
shown i n  Table  12. The r e d u c t i o n  o f  l i p o l y t i c  a c t i v i t y  was
TABLE 12
Heat in ac t iv a t io n  o f  the l i p o l y t i c  a c t i v i t y  o f  hepatopancreatic
t i s su e s  from red crawfish
Incubation 
(a t  37°
i time 
C.)
Time in  minutes a t  
b o i l ing  temperature***
Blank* Control** 15 min 30 min 2 4 8
Amount of  FFA1  
re leased  
(ug/min/g ) 2
— - - 29.880 21.350 17.780 17.080 16.720
Specif ic  a c t i v i t y 2  
(umole/min/g)
-  - “ - 0 . 1 1 0 0.079 0.065 0.063 0.062
Per cent  o f  FFA 
increased 3 93 1 0 0 175 209 183 177 175
Per cent on a c t iv ­
i t y  reduction due 
to heat  treatment
— — + 0 ±  0 13 16 17
* Tissues were inac t iva ted  and bo i led  fo r  8  minutes before incubation
** Tissues were inac t iva ted  before incubation
*** Tissues were then incubated a t  37° C. fo r  30 minutes
1  FFA = f ree  f a t t y  acid
2  On a dry basis
3  Compare to the control  a t  o r ig in a l  level  o f  100
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o n l y  131 when t h e  t i s s u e s  w e re  b o i l e d  f o r  2 m i n u t e s .  I t  i n ­
c r e a s e d  g r a d u a l l y  t o  17% a f t e r  t h e  b o i l i n g  p e r i o d  was e x t e n d ­
ed  t o  8  m i n u t e s .  F a i l i n g  to  i n a c t i v a t e  m o s t  o f  t h e  l i p o l y t i c  
a c t i v i t y  f rom  t h e  t i s s u e s  s u g g e s t e d  t h a t  some v e r y  t h e r m o ­
s t a b l e  l i p o l y t i c  e n z y m e (s )  o r  c e r t a i n  n o n -en zy m e  c a t a l y s t s  
a r e  a s s o c i a t e d  w i t h  t h e  t i s s u e s  i n  a d d i t i o n  t o  a  r e l a t i v e l y  
t h e r m o l i a b l e  l i p o l y t i c  enzym e.  R e s u l t s  f rom  many o t h e r  r e ­
p o r t s  (Bosund  a n d  G o n r o t ,  196 9 ;  Drummond a n d  H i l d i t c h ,  1930) 
showed t h a t  t h e  l i p o l y t i c  e n z y m e (s )  f rom  f i s h  w ere  v e r y  t h e r ­
m o l i a b l e ,  w h e r e a s  d a t a  f rom  O l l e y  a n d  L o v e rn  (1960)  showed 
t h a t  t h e  a c t i v i t y  o f  p h o s p h o l i p a s e  i n  c o d  m u s c le  d i d  n o t  r e ­
s u l t  i n  an y  a p p r e c i a b l e  l o s s  a f t e r  i t  h a d  b e e n  h e a t e d  a t
100°  C. f o r  30 m i n u t e s .  The l a r g e  i n c r e a s e  i n  f r e e  f a t t y
a c i d  i n  f i s h  m u s c le  h a s  b e e n  r e p o r t e d  m a i n l y  due t o  t h e  r e ­
s u l t  o f  p h o s p h o l i p i d  h y d r o l y s i s  ( L o v e r n ,  196 2 ;  O l l e y ,  e t  a l . ,
1 9 6 2 ) ;  t h e r e f o r e ,  i t  i s  p o s s i b l e  t h a t  t h e  l i p o l y t i c  a c t i v i t y  
p e r s i s t e d  a f t e r  t h e  b o i l i n g  was due t o  p h o s p h o l i p a s e  ( s )  s i n c e  
t h e  h e a t i n g  p e r i o d  i n  t h i s  s t u d y  was much s h o r t e r  t h a n  t h a t  
u s e d  by  O l l e y  a n d  L o v e rn  (1960)  .
C e r t a i n  c h a n g e s  i n  f r e e  f a t t y  a c i d  c o m p o s i t i o n  a f t e r  
t h e  i n c u b a t i o n  a r e  n o t  u n e x p e c t e d  s i n c e  enzymes w ere  h e a t  i n ­
a c t i v a t e d  a t  d i f f e r e n t  r a t e s  i n  c o m b i n a t i o n  w i t h  i n c r e a s i n g  
d u r a t i o n  o f  t h e  h e a t i n g  p e r i o d .  An i n c r e a s e  i n  p e r c e n t a g e  
f o r  s e v e r a l  f a t t y  a c i d s  (C1 6 ; 1 , C1 6 ; 0 , C1 7 ; ? , C1 8 ; S , Cl g . 0) 
w e re  fo u n d  ( T a b l e  1 3 ) .  T h i s  i n c r e a s e  i n d i c a t e s  t h a t  i f  t h e  
e f f e c t  o f  t h e  n o n-enzym e  c a t a l y s t  c a n  be  e x c l u d e d ,  t h e  
e n z y m e (s )  r e s p o n s i b l e  f o r  h y d r o l y z i n g  t h e s e  p a r t i c u l a r  f a t t y
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TABLE 13
The heat  e f f e c t  on the  l i p o l y t i c  a c t i v i t y  from 
crawfish hepatopancreatic  t i s s u e s  toward 
each individual  f a t t y  acid
Fat ty  acid Time a t  b o i l in g  temp, before incubation
(I .D.) Blank* 0 min 2 min 4 min 8  min
C1 0 :l 0.27** 0.39 0.31 0.32 0.26
C1 0 : 0 " '
C1 1 : 0 “ * “
C1 2 : 0 - 0.05 0.03 0.03 0.07
C13:1 - - - - 0 . 0 1
C13:0 - - - - 0 . 0 2
C14:l 0.39 0.33 0.34 0.33 0.29
C14:0 2 . 1 1 3.54 2.62 3.08 2.79
C15:l 2.30 3.07 2.53 2.80 2.52
C15:0 2.28 3.07 2 . 6 6 2.91 2.72
C16:l 5.81 5.33 6.44 6 . 6 8 5.73
C16:0 2 1 . 1 0 21.03 25.23 24.86 2.52
C17: ? 2 . 2 2 0.30 1.26 2.44 1.05
C18:3 1.87 0.05 0.30 0.45 0 . 2 2
C18:l + C18:2 30.81 38.13 34.16 34.08 0.50
C18:0 9.98 8.26 ,0.69 7.96 7.23
C20:5 ! 10.05 6.85 5.73 6.81 6.40
C20:4 1.43 1.73 1 . 2 0 1.54 1 . 6 8
C2 0 :l 1.44 - - 0.31 -
C2 2 : 6 5.69 >5.94 5.29 4.35 4.89
C2 2 : l 1.24 0 . 6 6 0.59 0 . 1 1 0 . 2 0
C23: ? 0.90 0.51 0.40 0.42 0.41
C24:l 0 . 0 1 0.51 0.41 0.42 0.42
* Tissue were in ac t iv a te d  and bo i led  fo r  8  minutes p r i o r  to 
incubation
** Data presented as mole per  cent .
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a c i d s  a r e  r e l a t i v e l y  h e a t  r e s i s t a n t  when com pared  w i t h  o t h e r  
e n z y m e ( s )  p r e s e n t  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e .  I t  i s  a l s o  
p o s s i b l e  t h a t  t h e  i n c r e a s e  o f  t h e s e  f a t t y  a c i d s  was due t o  an 
i r r e v e r s i b l e  r e o r i e n t a t i o n  o f  t h e  c e l l  s t r u c t u r e ,  a l l o w i n g  
i n c r e a s e d  e x p o s u r e  o f  t h e  enzym e,  o r  due t o  t h e  d e s t r u c t i o n  
o f  a h e a t  l i a b l e  i n h i b i t o r  p r e s e n t  i n  t h e  t i s s u e  ( H i g g i n s ,  
1967) .
I t  was fo u n d  t h a t  t h e  h e a t i n g  o f  t h e  a l c o h o l  i n a c t i ­
v a t e d  t i s s u e s  ( t h e  b l a n k  on T a b le  13) c a u s e d  a d e c r e a s e  i n  
t o t a l  f r e e  f a t t y  a c i d  ( T a b l e  1 2 ) .  O l l e y ,  e t  a l . ,  ( I 9 6 0 )  r e ­
p o r t e d  t h a t  t h e  c o d  m u s c le  c o o k e d  a t  100°  C. f o r  30 m i n u t e s  
c a u s e d  no h y d r o l y s i s  o f  l i p i d s ,  b u t  t h e  f r e e  f a t t y  a c i d  c o n ­
t e n t  o f  h e r r i n g s  d e c r e a s e d  u n d e r  t h e  same c o o k in g  c o n d i t i o n .  
H ow ever ,  t h e  d e c r e a s e  was r e l a t i v e l y  s m a l l  when com pared  w i t h  
t h e  s u b s e q u e n t  i n c r e a s e  o f  t h e  f r e e  f a t t y  a c i d s  i n  t h e  t i s s u e s  
d u r i n g  c o l d  s t o r a g e .  O b s e r v a t i o n  was a l s o  made on t h e  f r e e  
f a t t y  a c i d  c o m p o s i t i o n  o f  t h i s  a l c o h o l  i n a c t i v a t e d  t i s s u e  
a f t e r  b o i l e d  f o r  8  m i n u t e s  a t  b o i l i n g  t e m p e r a t u r e .  I t  was 
fo u n d  t h a t  s e v e r a l  f a t t y  a c i d s  C1 8 > 3 , C2 0 ‘ 5 ’ ^ 2 2 *1 *
C z g . ? )  showed an  i n c r e a s e  e v e n  i f  t h e  t o t a l  f r e e  f a t t y  a c i d  
d e c r e a s e d .  A t  t h e  p r e s e n t  t i m e ,  t h e r e  i s  no e x p l a n a t i o n  f o r  
t h e  d e c r e a s e  i n  t o t a l  f r e e  f a t t y  a c i d s  r e s u l t i n g  f rom t h e  h e a t  
t r e a t m e n t .  How ever ,  i t  was s u g g e s t e d  t h a t  t h e  i n c r e a s e  o f  
c e r t a i n  f r e e  f a t t y  a c i d s  w ere  due t o  t h e  l i p o l y t i c  a c t i v i t y  
f rom t h e r m o s t a b l e  e n z y m e (s )  o r  c e r t a i n  non-enzym e c a t a l y s t  
p r e s e n t  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e s  f rom  t h e  r e d  c r a w ­
f i s h  .
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The e f f e c t  o f  t r e a t m e n t s ,  s t o r a g e  
t e m p e r a t u r e ,  a n d  s t o r a g e  t im e  o f  t h e  
f r e e  f a t t y  a c i d  f o r m a t i o n  d u r i n g  
s u b s e q u e n t  c o l d  s t o r a g e
D a ta  c o n c e r n i n g  t h e  e f f e c t  o f  v a r i o u s  t r e a t m e n t s ,  
s t o r a g e  t e m p e r a t u r e s  a nd  l e n g t h  o f  s t o r a g e  on f r e e  f a t t y  a c i d  
p r o d u c t i o n  i n  h e p a t o p a n c r e a t i c  t i s s u e  a r e  p r e s e n t e d  i n  T a b l e s  
1 5 ,  1 6 ,  an d  1 7 .
The a n a l y s i s  o f  v a r i a n c e  r e v e a l e d  t h a t  t h e  s t o r a g e  
t i m e ,  t e m p e r a t u r e  o f  s t o r a g e  a s  w e l l  a s  t h e  v a r i o u s  t r e a t ­
m en ts  p r i o r  t o  f r e e z i n g  w ere  h i g h l y  s i g n i f i c a n t  (P < 0 .0 1 )  w i t h  
r e g a r d  t o  f r e e  f a t t y  a c i d  p r o d u c t i o n  ( T a b l e  1 4 ) .
On e x a m i n a t i o n  o f  t h e  means i n  T a b l e  1 5 ,  i t  i s  a p p a r ­
e n t  t h a t  t h e  e f f e c t  o f  h e a t  t r e a t m e n t  p r i o r  t o  f r e e z i n g  r e ­
s u l t e d  i n  s u b s t a n t i a l l y  l o w e r  l e v e l  o f  f r e e  f a t t y  a c i d  p r o ­
d u c t i o n  t h a n  T r e a t m e n t s  1 ,  2 ,  and 3. T r e a t m e n t  1, w h ic h  was 
t h e  c o n t r o l  s a m p l e ,  showed t h e  h i g h e s t  l e v e l  o f  f r e e  f a t t y  
a c i d  p r o d u c t i o n  o f  1 .7 6 g  p e r  20g o f  t i s s u e .  T r e a t m e n t  2, i n  
w h ic h  h e p a t o p a n c r e a t i c  t i s s u e  was m ixed  w i t h  t a i l  m ea t  showed 
l i t t l e  d i f f e r e n c e  w i t h  c om pared  t o  c o n t r o l  s a m p le s  ( T a b le  1 5 ) .  
T r e a t m e n t  3 c o n s i s t e d  o f  a n  a n t i o x i d a n t  w h ic h  was d e s i g n e d  to  
p r e v e n t  o x i d a t i o n  o f  l i p o l y t i c  enzyme a s  was s u g g e s t e d  by 
W i l l s  ( 1 9 6 5 ) .  The d a t a  i n d i c a t e  t h a t  t h e  a n t i o x i d a n t  d i d  n o t  
a c c e l e r a t e  t h e  f a t t y  a c i d  p r o d u c t i o n  t h r o u g h  i n c r e a s e d  l i p a s e  
a c t i v i t y .
The e f f e c t  o f  t e m p e r a t u r e  o f  s t o r a g e  h a d  a p r o n o u n c e d  
e f f e c t  on l e v e l  o f  f r e e  f a t t y  a c i d  p r o d u c t i o n  a s  i s  n o t e d  i n  
T a b le  16 .  The h e p a t o p a n c r e a t i c  t i s s u e  s t o r e d  a t  - 2 0 °  C. had
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TABLE 14
Analysis o f  variance tab le  fo r  a f a c t o r i a l  arrangement 
(time x treatment x temperature)***
Source o f  Variance df SS MS F
Total 80 9.7776 -- —
Reps 1 0 . 0 0 0 0 — —
Storage time 4 6.4983 1.624600 203075**
Treatments 3 1.3317 0.443900 55487**
Storage temperatures 1 0.8711 0.871100 108887**
Time x treatment 1 2 0.6526 0.054400 6800**
Time x temperature 4 0.2324 0.058100 7262**
Treatment x temperature 3 0.0546 0.018200 2275**
Time x treatment x 
temperature 1 2 1.0762 0.089700 1 1 2 1 2 **
Error 39 0.0003 0.000008 —
** P<0.01
*** All fac to rs  were fixed
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TABLE 15
Treatment means from ana lys is  o f  variance o f  t o t a l  f ree  
f a t t y  acid during cold storage
Treatment
Total f ree  
f a t t y  acid*
FFA**
increased*
Per cent 
increased
1 1.76*** 0.58 49.15
2 1.74 0.56 47.45
3 1.71 _ 0.53 44.91
4 1.45 0.27 2 2 . 8 8
* Grams 
** Free f a t t y  acids 
*** Original  level  o f  f ree  f a t t y  acid a t  1.18g per  20g t i s sue
TABLE 16
Storage temperature means from analysis  o f  variance 
o f  t o t a l  free f a t t y  acid during cold storage
Storage
temperature
Total free 
f a t t y  acid*
FFA**
increased*
Per cent 
' increased
o 0 n • 1.76*** 0.58 49.15
-20° C. 1.55 0.37 31.35
* Grams
** Free Fat ty  acids
*** Original  level  of  free  f a t t y  acid a t  1.18g per 20g t i s sue
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1 .5 5  g f r e e  f a t t y  a c i d  p e r  20 g t i s s u e ,  w h e r e a s  t h e  t i s s u e  
s t o r e d  a t  0° C. h a d  1 .7 6  g f r e e  f a t t y  a c i d  p e r  20g t i s s u e .  
Th ese  v a l u e s  a c t u a l l y  i n d i c a t e d  a  49.15% i n c r e a s e  i n  f r e e  
f a t t y  a c i d  d u r i n g  f r o z e n  s t o r a g e  a t  0°  C. a s  c om pared  t o  a 
3 1 .3 5  i n c r e a s e  a t  - 2 0 °  C. T h u s ,  i t  became o b v i o u s  t h a t  
s t o r a g e  t e m p e r a t u r e  a s  low a s  e c o n o m i c a l l y  f e a s i b l e  i s  d e ­
s i r a b l e .
TABLE 17
Storage time means from analysis  o f  variance o f  t o t a l  
free  f a t t y  acids during cold storage
Storage
time
Total free  
f a t t y  acid*
FFA*
increased*
Per cent 
increased
0 1.18** none —
1 mo. 1.53 0.35 29.66
2 mo. 1.71 0.53 44.91
3 mo. 1.90 0.72 61.01
4 mo. 1.98 0.80 67.79
1 Grams
* Free f a t t y  acids 
** Original  level  a t  p r i o r  to freeze
The d a t a  c o n c e r n i n g  t h e  e f f e c t  o f  l e n g t h  o f  s t o r a g e  
on f r e e  f a t t y  a c i d  l e v e l s  a r e  l i s t e d  i n  T a b le  1 7 .  D u r in g  t h e  
f i r s t  month o f  s t o r a g e ,  a  r a p i d  i n c r e a s e  i n  f r e e  f a t t y  a c i d  
l e v e l s  w e re  e n c o u n t e r e d ,  w h e r e a s  t o w a r d  t h e  e n d  o f  t h e  s t o r a g e  
s t u d y ,  t h e  i n c r e a s e  i n  f r e e  f a t t y  a c i d  was l e s s  p r o n o u n c e d .
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How ever ,  t h e  o v e r a l l  l e v e l  d i d  i n c r e a s e  f rom  1 .1 8 g  t o  1 .9 8 g  
a t  t h e  e n d  o f  t h e  f o u r  m onths  o f  s t o r a g e .
The i n t e r a c t i o n a l  e f f e c t s  c o n c e r n i n g  t i m e ,  t e m p e r a ­
t u r e ,  and  t r e a t m e n t  w e re  a l l  f o u n d  h i g h l y  s i g n i f i c a n t  ( P < 0 .0 1 )  
( T a b l e  1 4 ) .  As i s  e v i d e n t  f rom  F i g u r e  2 w i t h  r e g a r d s  t o  t im e  
x t r e a t m e n t ,  t h e  e f f e c t  o f  d u r a t i o n  o f  s t o r a g e  was more d e ­
t r i m e n t a l  i n  t h e  c a s e  o f  T r e a t m e n t  1 ,  2 ,  and  3 t h a n  i n  t h e  
T r e a t m e n t  4 w h ic h  r e s u l t e d  i n  a  h i g h l y  s i g n i f i c a n t  i n t e r a c t ­
i o n .  T h u s ,  i t  was c o n c l u d e d  t h a t  s a m p le s  h e a t  t r e a t e d  c o u l d  
be  s t o r e d  f o r  l o n g e r  d u r a t i o n  w i t h o u t  t h e  p r o d u c t i o n  o f  s u b ­
s t a n t i a l  l e v e l s  o f  f r e e  f a t t y  a c i d s .
The s i g n i f i c a n t  i n t e r a c t i o n  b e tw e e n  t im e  a nd  s t o r a g e  
t e m p e r a t u r e s  was p r i m a r i l y  r e l a t e d  t o  t h e  i n c r e a s e  i n  f r e e  
f a t t y  a c i d s  d u r i n g  t h e  f i r s t  month os  s t o r a g e  a s  i s  c l e a r l y  
s e e n  i n  F i g u r e  3 . The p r o d u c t  s t o r e d  a t  0°  C. r e s u l t e d  i n  a 
s h a r p  r i s e  i n  f r e e  f a t t y  a c i d  l e v e l  w h e r e a s  t h e  p r o d u c t  s t o r e d  
a t  - 2 0 °  C. showed a more g r a d u a l  i n c r e a s e .
The a n a l y s i s  o f  v a r i a n c e  a l s o  r e v e a l e d  a s i g n i f i c a n t  
i n t e r a c t i o n  w i t h  r e g a r d s  t o  t e m p e r a t u r e  a n d  t r e a t m e n t  a s  s e e n  
i n  F i g u r e  4 .  The h i g h e r  s t o r a g e  t e m p e r a t u r e  a p p e a r e d  t o  h a v e  
an  e f f e c t  o f  a c c e l e r a t i n g  t h e  p r o d u c t i o n  o f  f r e e  f a t t y  a c i d s  
a t  a h i g h e r  r a t e  w i t h  r e g a r d s  t o  T r e a t m e n t s  1 a n d  4 t h a n  
T r e a t m e n t s  2 and  3. The r e a s o n  f o r  s u c h  d i f f e r e n c e  i s  n o t  
known.
O b s e r v a t i o n s  w ere  a l s o  made on t h e  c o m p o s i t i o n  o f  t h e  
f r e e  f a t t y  a c i d s  r e l e a s e d  d u r i n g  s t o r a g e .  The c h a n g e  o f  s e v ­
e r a l  f a t t y  a c i d s  anc* C14* l^  were  n ° t e d  t o
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i n c r e a s e  a t  h i g h e r  r a t e s  when com pared  a g a i n s t  t h e  a v e r a g e  
r a t e  o f  i n c r e a s e  f o r  t h e  t o t a l  f r e e  f a t t y  a c i d s .  The d a t a  i s  
shown i n  T a b l e s  1 8 ,  1 9 ,  20 ,  2 1 ,  22 ,  a n d  23.
Two f a t t y  a c i d s  ^ 1 6 ’ 0^ ^ ave  b e e n  fo u n d  t o  be
l i b e r a t e d  i n  l a r g e  q u a n t i t i e s  by  a h e a t  r e s i s t a n t  enzym e.  The 
d a t a  f rom  t h i s  s t u d y  ( T a b l e s  18 a n d  20) i n d i c a t e  t h a t  t h e  d i f ­
f e r e n c e  b e tw e e n  h e a t  t r e a t e d  s a m p le s  a nd  t h e  o t h e r  n o n - h e a t  
t r e a t e d  s a m p le s  ( T r e a t m e n t  4 v s .  1 ,  2, a nd  3) a r e  n o t  s i g n i ­
f i c a n t  ( s e e  A p p e n d ix  T a b l e s  1 ,  2 ,  5 ,  and  6 ) a s  t h e  e f f e c t  o f
t h e  h e a t i n g  d i d  n o t  d e s t r o y  o r  r e d u c e  t h e  a c t i v i t y  o f  t h e  l i ­
p o l y t i c  enzym e.  The d a t a  a l s o  i n d i c a t e  t h a t  t h e  d u r a t i o n  o f  
s t o r a g e  g r e a t l y  a f f e c t e d  t h e  l i b e r a t i o n  o f  t h e s e  two f a t t y  
a c i d s  r e g a r d l e s s  o f  t h e  s t o r a g e  t e m p e r a t u r e  ( T a b l e s  19 a n d  21, 
A p p e n d ix  T a b l e s  3, 4 ,  7, and 8 ) .  T h e r e f o r e ,  i t  was t h e n  s u g ­
g e s t e d  t h a t  t h e  enzyme r e s p o n s i b l e  f o r  t h e  l i b e r a t i o n  o f  t h e s e  
two f a t t y  a c i d s  i s  n o t  o n l y  h e a t  r e s i s t a n t  b u t  a l s o  t e m p e r a ­
t u r e  i n d e p e n d e n t  w i t h  r e g a r d  t o  i t s  l i p o l y t i c  a c t i v i t y .
D a ta  c o n c e r n i n g  a r ® p r e s e n t e d  i n  T a b l e s  22 and
23 .  The r e s u l t s  f rom  s t a t i s t i c a l  a n a l y s i s  (A p p en d ix  T a b l e s  
9 a n d  10) i n d i c a t e  t h a t  t h e  e f f e c t  o f  t r e a t m e n t s  a n d  l e n g t h  o f  
s t o r a g e  t im e  w ere  h i g h l y  s i g n i f i c a n t  w i t h  r e g a r d  t o  f r e e  f a t t y  
a c i d  p r o d u c t i o n ;  h o w e v e r ,  t h e r e  w ere  no d i f f e r e n c e s  b e tw e e n  
t h e  s a m p le s  s t o r e d  a t  0°  and  s a m p le s  s t o r e d  a t  - 2 0 °  C. 
(A p p e n d ix  T a b l e  1 1 ) .  A l t h o u g h  t h e  e f f e c t  o f  t r e a t m e n t s  was 
h i g h l y  s i g n i f i c a n t  a c c o r d i n g  to  t h e  r e s u l t  o f  t h e  a n a l y s i s  o f  
v a r i a n c e ,  t h e  r e s u l t s  f rom t h e  o r t h o g o n a l  c o m p a r i s o n  (A p p e n d ix  
T a b le  10) showed t h a t  t h e r e  w ere  no s i g n i f i c a n t  d i f f e r e n c e s
53
TABLE 18
E ffect o f  treatment on the change o f  composition in  mole
per cent for  Cj^.g during cold  storage*
Storage time 
in  months
Treatment
1 2 3 4
0 21.93** 21.93 21 .93 21.93
1 25.81 28.42 26.34 24.22
2 21.45 19.25 16.20 18.98
3 27.33 26.52 26.95 27.15
4 27.97 30.40 27.55 29.15
* Analysis o f  variance and orthogonal comparison o f  the  e f f e c t  
o f  treatment are presented in  Appendix Tables 1 and 2 
** Data are presented as mole pe r  cent
TABLE 19
Effect  o f  storage temperature and length o f  s torage time 
on the change o f  composition in mole per cent 
fo r  C16. q during cold storage*
Length o f  storage time (in months)
temperature 0  1 2  3 4
o 0 n • 21.93** 26.19 18.90 26.70 27.44
-20°  C. 21.93 26.70 19.01 27.28 30.35
* Analysis variance and orthogonal comparison o f  the e f f e c t  of  
t reatment are presented in  Appendix Tables 3 and 4
** Data are  presented as mole pe r  cent
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TABLE 20
E ffect o f  treatment on the change o f  composition
in  mole per cent for during
cold storage*
Storage time 
( in  months)
Treatment
1 2 . 3 4
0 6.17** 6 .17 6 .17 6 .17
1 7.74 6.65 6.97 7.42
2 12.68 12.28 12.23 11.90
3 9.5 8.89 7.84 7.34
4 8.95 8 .73 7.64 8 .09
* Analysis o f  variance and orthogonal comparison o f  the e f f e c t  
o f  treatment are presented in Appendix Tables 5 and 6  
** Data are  presented as mole per  cent .
TABLE 21
E ffec t  o f  s torage temperature and length o f  s torage time 
on the change o f  composition in mole per  cent  
fo r  during cold storage*
Length o f  storage time (in months)
Storage --------------------------------------------------------------------------------
temperature 0 1 2  3 4
o 0 n 6 .17** 8.09 12.12 8.34 7.81
-20°  C. 6 .17 6.48 12.43 8.44 8.89
* Analysis o f  variance and orthogonal comparison o f  the e f f e c t  
o f  t reatment are  presented in  Appendix Tables 7 and 8
** Data are  presented as mole per cent .
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TABLE 22
E ffec t  o f  treatment on the change o f  composition
in  mole per cent for  during
cold  storage*
Storage time 
(in months)
Treatment
1 2 3 4
0 0 . 2 2 ** 0 . 2 2 0 . 2 2  . 0 . 2 2
1 0.50 0.39 0.52 0.52
2 0.55 0.53 0.60 0.59
3 0.62 0.49 0.65 0.50
4 0.48 0.49 0.55 0.53
* Analysis o f  variance and orthogonal comparison o f  the e f f e c t  
o f  t reatment are  presented in  Appendix Tables 9 and 10.
** Data are  presented as mole per  cent .
TABLE 23
E ffec t  o f  s torage  temperature and length o f  storage time 
on the change o f  composition in mole per  cent 
fo r  during cold storage*
Storage
temperature
Length o f  s torage time (in months)
0 1 2 3 4
0° C. 0 . 2 2 ** 0.51 0.58 0.58 0.57
-20° C. 0 . 2 2 0.45 0.54 0.55 0.45
* Analysis o f  variance and orthogonal comparison o f  the e f f e c t  
o f  treatment are presented in Appendix Tables 11 and 12.
** Data are presented as mole per cent .
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b e t w e e n  T r e a t m e n t s  1 ,  2 ,  a n d  4 .  The a d d i t i o n  o f  a n t i o x i d a n t  
t o  t h e  t i s s u e  ( T r e a t m e n t  3) d i d  i n c r e a s e  t h e  l i p o l y t i c  a c t i v ­
i t y  t o  a c e r t a i n  e x t e n t  a s  was r e p o r t e d  by  W i l l s  (1965)  . A 
c o m p a r i s o n  a l s o  made on t h e  e f f e c t  o f  t h e  s t o r a g e  d u r a t i o n s  
(A p p e n d ix  T a b l e  12) w h ic h  i n d i c a t e d  t h a t  m o s t  o f  t h e  f a t t y  
a c i d s  ( C - ^ . j )  l i b e r a t e d  o c c u r r e d  i n  t h e  f i r s t  month  o f  s t o r a g e .  
The c h a n g e s  w h ic h  h a p p e n e d  a f t e r w a r d s  w ere  n o t  s i g n i f i c a n t .  
T h e re  i s  no c l e a r  e x p l a n a t i o n  f o r  t h e  su d d e n  d ro p  o f  t h e  a c t i v ­
i t y  a f t e r  t h e  f i r s t  month e x c e p t  t h a t  t h e  anzyme may be  s e n s i ­
t i v e  t o  o x i d a t i o n .
D i s t r i b u t i o n  o f  a n t i t h i a m i n e  
a c t i v i t y  i n  c r a w f i s h __________
Data  c o n c e r n i n g  a n t i t h i a m i n e  a c t i v i t y  a r e  p r e s e n t e d  
i n  T a b l e  24. I t  was fo u n d  t h a t  t h e  abdomen s e c t i o n  was d e v o i d  
o f  t h e  a n t i t h i a m i n e  a c t i v i t y ;  h o w e v e r ,  t h e  m a t e r i a l  fo u n d  i n  
t h e  c e p h a l o t h o r a x  s e c t i o n  was v e r y  a c t i v e .  G r e e n ,  e t  a l . ,
(194 2) and S e a l o c k ,  e t  a l . ,  (1944)  r e p o r t e d  t h a t  t h e  a n t i t h i a ­
mine f a c t o r  i s  more p r e v a l e n t  i n  some t i s s u e s  t h a n  o t h e r s .  I n  
c r a w f i s h  s a m p le s  e x a m in e d ,  t h e  d i g e s t i v e  g l a n d s  ( h e p a t o p a n c r e a ­
t i c  t i s s u e )  d e s t r o y e d  2 1 .46  ug o f  t h i a m i n e  p e r  m in u t e  p e r  gram 
o f  t i s s u e s  com pared  t o  t h e  3 . 7  ug p e r  m in u t e  p e r  gram f o r  t h e  
e n t i r e  c e p h a l o t h o r a x .  S i n c e  t h e  h e p a t o p a n c r e a t i c  t i s s u e s  c o n ­
s t i t u t e  o n l y  15% o f  t h e  t o t a l  c e p h a l o t h o r a x ,  i t  c a n  be  i n f e r r e d  
t h a t  t h e s e  t i s s u e s  c o n t a i n e d  more t h a n  87% o f  t h e  t o t a l  a n t i -  
t h i a m i n e  a c t i v i t y .
TABLE 24
Antithiamine a c t i v i t y  in f resh  and h e a t - t r e a te d  crawfish 
cephalothorax and abdomen
Cephalothorax Abdomen
Fresh
Boiled 
5 min
Boiled 
30 min
Oven
dried Fresh
Boiled 
5 min
Boiled 
30 min
Oven
dried
Amount o f  thiamine 
destroyed (ug/min/g) 3.70 1 . 0 2 0.89 0.52 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Specif ic  a c t iv i t y  
units /g* . 0 1 1 0 .0030 .0027 .0015 0 . 0 0 0 . 0 0 0 . 0 0 0 . 0 0
Per cent reduction 
to heat  treatment - 72.3 75.8 85.9 - - - -
* A u n i t  i s  defined as micromoles o f  thiamine destroyed p e r  minute.
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T h e r m o s t a b i l i t y  o f  t h e  a n t i t h i a -  
mine  f a c t o r  .............. ...............
P e r  c e n t  r e d u c t i o n  i n  s p e c i f i c  a c t i v i t y  due t o  v a r i ­
ous h e a t  t r e a t m e n t s  i n  T a b l e  24.  B o i l i n g  t h e  c r a w f i s h  f o r  
a s  l o n g  a s  30 m i n u t e s  o r  o v e n  d r y i n g  a t  100°  C. f o r  24 h o u r s  
f a i l e d  t o  d e s t r o y  t h e  a n t i t h i a m i n e  a c t i v i t y  c o m p l e t e l y .  Th 
T h e r e f o r e ,  i t  was s u g g e s t e d  t h a t  e i t h e r  t h e r e  i s  a  h e a t  s t a ­
b l e  a n t i t h i a m i n e  f a c t o r  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e  o r  
t h e r e  a r e  more t h a n  one a n t i t h i a m i n e  f a c t o r  a n d  t h e  h e a t i n g  
o n l y  d e s t r o y e d  some o f  them .
D e u t s c h  a n d  H a s l e r  ( 1 9 4 3 ) ,  S e a l o c k ,  e t  a l . ,  ( 1 9 4 4 ) ,  
and  G n a e d i n g e r ,  e t  a l . ,  (1970)  r e p o r t e d  c o m p l e t e  h e a t  i n ­
a c t i v a t i o n  u n d e r  t h e i r  e x p e r i m e n t a l  c o n d i t i o n s ,  w h e r e a s  t h e  
o t h e r s  (K u n d ig ,  e t  a l . ,  196 7 ;  H i l k e r ,  e t  a l . ,  19 68 ;  Tang and 
H i l k e r ,  1970) h a v e  b e e n  u n a b l e  t o  d e s t r o y  t h e  a n t i t h i a m i n e  
a c t i v i t y  c o m p l e t e l y  by h e a t  t r e a t m e n t s .  I t  was a l s o  r e p o r t e d  
by F u j i t a  (1954)  t h a t  t h e  a n t i t h i a m i n e  a c t i v i t y  was an e n z y ­
m a t i c  r e a c t i o n .  T h e r e f o r e ,  i t  was s u g g e s t e d  t h a t  t h e  t o t a l  
a n t i t h i a m i n e  a c t i v i t y  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e s  would  
r e s u l t  f rom  t h e  p r e s e n c e  o f  a t  l e a s t  two f a c t o r s ,  one  e n z y ­
m a t i c  a n d  one  n o n - e n z y m a t i c . I t  i s  i n c o r r e c t  t o  assume t h a t  
a f t e r  h e a t  t r e a t m e n t ,  t h e  a c t i v i t y  r e m a i n i n g  i s  a t r u e  mea­
s u r e  o f  t h e  am ount  o f  t o t a l  a c t i v i t y  f rom  t h e  n o n - e n z y m a t i c  
f a c t o r .  The e f f e c t s  o f  h e a t  on  t h e  n o n - e n z y m a t i c  a n t i t h i a -  
mine  f a c t o r  w ou ld  h a v e  t o  b e  known b e f o r e  a t t e m p t i n g  t o  d i ­
v i d e  t h e  t o t a l  a c t i v i t y  b e tw e e n  t h e  e n z y m a t i c  a n d  t h e  n o n -  
e n z y m a t i c  f a c t o r s .
IV , CONCLUSION
The h e p a t o p a n c r e a t i c  t i s s u e s  have  a n  a v e r a g e  f a t  c o n ­
t e n t  o f  20.18% w h ic h  i s  much h i g h e r  t h a n  t h e  v i s c e r a l  f a t
c o n t e n t  o f  v a r i o u s  f r e s h w a t e r  f i s h .  The t i s s u e  a p p a r e n t l y  
c o n t a i n s  s e v e r a l  f a c t o r s  w h ic h  a r e  c a p a b l e  o f  h y d r o l y z i n g  
t h e  l i p i d  r e s e r v e s .  The f a c t o r ( s )  p r e d o m i n a n t l y  h y d r o l y z e  
f a t t y  a c i d s  w i t h  14 to  22 c a r b o n s  w i t h  a  s p e c i f i c  a c t i v i t y  o f
0 . 1 1  m ic ro m o le  f a t t y  a c i d  p e r  m in u te  p e r  gram o f  t i s s u e  on a 
d r y  b a s i s .  The r e s u l t s  o f  t h i s  s t u d y  i n d i c a t e  t h a t  t h e  l i ­
p o l y t i c  f a c t o r ( s ) ,  e n z y m a t i c  a n d  n o n - e n z y m a t i c ,  were  r e l a ­
t i v e l y  h e a t  s t a b l e  and were  s t i l l  a c t i v e  a t  -2 0°  C.
The '29.66% i n c r e a s e  i n  f r e e  f a t t y  a c i d s  a f t e r  30
d ay s  u n d e r  f r o z e n  s t o r a g e  i n d i c a t e s  t h a t  t h e  a d d i t i o n  o f  t h e
h e p a t o p a n c r e a t i c  t i s s u e  t o  v a r i o u s  c r a w f i s h  p r o d u c t s  c o u l d  be 
v e r y  d e t r i m e n t a l  i f  t h e  p r o d u c t s  a r e  i n t e n d e d  to  be k e p t  f r o ­
zen f o r  a p e r i o d  o f  t i m e .  Due t o  t h e  f a c t  t h a t  t h e  p e e l e d  
t a i l m e a t  u s u a l l y  c a r r i e s  c e r t a i n  am ounts  o f  t h e  h e p a t o p a n ­
c r e a t i c  t i s s u e  t h r o u g h  t h e  h a n d s  o f  p e e l e r s ,  t h o r o u g h  w a s h in g  
o f  t h e  t a i l m e a t  i s  h i g h l y  recommended p r i o r  t o  f r e e z i n g .
The a n t i t h i a m i n e  a c t i v i t y  was fo u n d  t o  e x i s t  i n  t h e  
c e p h a l o t h o r a x  r e g i o n  o f  t h e  c r a w f i s h ,  i n  w h ich  87% o f  t h e  a c ­
t i v i t y  was c o n c e n t r a t e d  i n  t h e  h e p a t o p a n c r e a t i c  t i s s u e s .
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H e a t  t r e a t m e n t  f a i l e d  t o  d e s t r o y  t h e  a c t i v i t y  c o m p l e t e l y ,  
h o w e v e r ,  a  r e d u c t i o n  o f  85.9% o f  i t s  a c t i v i t y  r e s u l t e d  f rom 
t h e  o v e n  d r y i n g  m eth o d  (100°  C. f o r  24 h o u r s ) .  S i n c e  c r a w ­
f i s h  a r e  n o t  consum ed on a d a i l y  b a s i s  by  m o s t  c o n s u m e r s ,  
t h e  p o s s i b i l i t y  o f  a  t h i a m i n e  d e f i c i e n c y  a p p e a r s  v e r y  r e m o te  
I f  t h e  c e p h a l o t h o r a x  m a t e r i a l  was p r o c e s s e d  i n t o  a  m ea l  we 
a ssum e o n l y  75% r e d u c t i o n  i n  a n t i t h i a m i n e  a c t i v i t y ,  i t  w ou ld  
a p p e a r  u n l i k e l y  t h a t  t h i s  l e v e l  o f  a c t i v i t y  w o u ld  be  v e r y  de 
t r i m e n t a l  s i n c e  m os t  f o o d s  c o n t a i n  a b u n d a n c e  o f  t h i a m i n e .  I 
s h o u l d  be  e m p h a s i z e d  how ever  t h a t  t h e  m a t e r i a l  s h o u l d  n e v e r  
be  f e d  w i t h o u t  some fo rm  o f  h e a t  p r o c e s s i n g .
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APPENDIX
TABLE 1
A nalysis o f  variance o f  treatment
e f f e c t  for Table 18
Source o f  variance d f
sum o f  
square
mean 
. square F
Storage time 4 258.29 64.57 36.9**
Treatment 3 6.64 2 . 2 1 1 . 26ns
Error 1 2 21.05 1.75 -
Total 19 285.95
* P<0.05 
** P<0.01 
ns: not  s i g n i f i c a n t
TABLE 2
Orthogonal comparison o f  treatment 
e f f e c t  fo r  Table 18
Comparison Q2 F
Treatment 1, 2, 3 v s . 4 0.5396 0.3083nS
Treatment 1 vs. 2 and 3 0.4060 0.2300nS
Treatment 2 vs. 3 5.7000 3.2500nS
* P<0.05
** P<0.01
ns: not s ig n if ic a n t
TABLE 3
A nalysis o f  variance o f  the e f f e c t  o f  storage time
and storage temperature for Table 19
Source o f  variance df
sum o f  
square
mean
square F
Storage time 4 132.76 33.19 46.09**
Storage temperature 1 1.67 0.56 0 . 78nS
Error 4 2 . 8 6 0.72 -
Total 9 137.29
* P<0.05 
** P<0.01 
ns: not  s i g n i f i c a n t
TABLE 4
Orthogonal comparison o f  the e f f e c t  
o f  s torage  time fo r  Table 19
Comparison Q2 F
0 vs. 1, 2, 3 and 4 18.4416 19.160*
1 vs. 2, 3 and 4 3.3451 4.646
2 vs. 3 and 4 107 . 34 00 149.080**
3 vs. 4 3.6290 5 .040ns
* P<0.05
** P<0.01
ns: not s ig n if ic a n t
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TABLE 5
A nalysis o f  variance o f  treatment
e f f e c t  for  Table 20
stun o f mean
Source o f  variance df square square F
Storage time 4 85.58 21.39 97.23**
Treatment 3 2.33 0.78 3.54*
Error 1 2 2.63 0 . 2 2 -
Total 19 90.54 - -
* P<0*05 
** P<0.01 
ns:  not  s ig n i f i c a n t
TABLE 6
Orthogonal comparison o f  treatment 
e f f e c t  fo r  Table 20
Comparison Q2 F
Treatment 1, 2, 3 vs. 4 0.5704 2.5927nS
Treatment 1 vs. 2 and 3 1.4214 6  ^3609*
Treatment 2 vs. 3 0.3497 ns1.5895
* P<0.05
** P<0.01
ns: not s ig n if ic a n t
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TABLE 7
A nalysis o f  variance o f  the e f f e c t  o f  storage time
and storage temperature for Table 21
Source o f  variance df
sum of  
square
mean
square F
Storage time 4 42.38 10.59 22.06**
Storage temperature 1 0 . 0 0 0 . 0 0 ns
Error 4 1.93 0.48 -
Total 9 44.31
* P<0.05 
** P<0.01 
ns:  not  s i g n i f i c a n t
TABLE 8
Orthogonal comparison o f  the e f f e c t  
o f  s torage time fo r  Table 21
Comparison Q2 F
0 vs. 1, 2, 3 and 4 13.5000 28.130**
1 vs. 2, 3 and 4 8.5400 17.800*
2 vs. 3 and 4 20.3300 42.360**
3 vs. 4 0.0006 0.004nS
* P<0.05
** P<0.01
ns: not s ig n if ic a n t
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TABLE 9
A nalysis o f  variance o f  treatment
e f fe c t  for Table 22
Source o f  variance df
sum of  
square
mean
square F
Storage time 4 0.33 0.0825 103.130**
Treatment 3 0 . 0 2 0.0067 8.375**
Error 1 2 0 . 0 1 0.0008 -
Total 19 0.36 -
•
* P<0.05 
** P<0.01
TABLE 10
Orthogonal comparison o f  treatment 
e f f e c t  fo r  Table 22
Comparison Q2 F
Treatment 1, 2, 3 vs. 4 0 . 0 0 0 1 0 0.125nS
Treatment 1 vs. 2 and 3 0.00030 0.375nS
Treatment 2 vs. 3 0.01849 23.110**
* P <0.05
** P<0.01
ns: not s ig n if ic a n t
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TABLE 11
A nalysis o f  variance o f  the e f f e c t  o f  storage time
and storage temperature for Table 23
Source o f  variance df
sum o f  
square
mean
square F
Storage time 4 0.1626 0.0406 40.6**
Storage temperature 1 0.0062 0.0062 6 . 2 nS
Error 4 . 0.0040 0 . 0 0 1 0 -
Total 9 0.1728 - -
* P<0.05 
** P<0.01 
n s : not  s i g n i f i c a n t
TABLE 12
Orthogonal comparison o f  the e f f e c t  
o f  s torage  time fo r  Table 23
Comparison Q2 F
0 vs. 1, 2, 3 and 4 0.1525 152.5**
1 vs. 2, 3 and 4 0.0063 6.3nS
2 vs. 3 and 4 0.0007 0.7nS
3 vs. 4 0.0030 3.0nS
* P<0.05
** P<0.01
ns: not s ig n if ic a n t
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77
